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NUTRITION REVIEWS 


Although artificial feeding of infants had 
been practiced for centuries, its establish- 
ment on a sound scientific basis in Western 
Europe and North America did not occur 
until the latter part of the nineteenth cen- 
tury. By 1900 modified cow’s milk had be- 
come accepted as the most satisfactory food 
for artificial feeding of infants, for feeding 
in the postweaning period, and as the most 
important item in the diet of children. The 
main development in the last fifty years has 
been the application of these principles to an 
increasing number of infants and children, 
until today they are applied almost univer- 
sally in most of the countries in these regions. 
This pattern of infant and child feeding has 
come to be regarded by many authorities as 
the pattern that should be adopted in all 
countries. However, the conditions prevail- 
ing in some parts of the world will not make 
this possible for many years to come. 

Parallel with the wider use of milk for 
feeding infants and children has been the 
spectacular fall in mortality rates both dur- 
ing the first year of age and in the next four 
years. In countries like Denmark, Sweden, 
and the Netherlands, infantile mortality 
rates at the turn of the century were around 
100, whereas now they are between 25 and 
30. Comparable figures for death rates in the 
1- to 4-year-old group are 12 to 18 in 1900 
and 2 to 3 today per 1000 inhabitants. 

The relationship of these falls in mortality 
rates to feeding practices was revealed by a 
study made under the auspices of the League 
of Nations at the end of the twenties (League 
of Nations Health Organization Publ. 820 
(1930)) into the causes of death during the 
first year of life. This study was made in 
seven Western European countries and each 
of the areas selected contained districts with 
low (3.5 to 4.9 per cent), moderate (5.0 to 
6.9 per cent), high (7.0 to 9.9 per cent), and 
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very high (10 per cent and over) infantile 
mortality. This variation enabled the causes 
of infantile mortality to be studied under a 
wide range of conditions. 

The incidence of gastroenteritis was found 
to vary from district to district. Where the 
mortality was high gastroenteritis was the 
principal cause of death. In some districts 
the number of deaths due to this cause was 
exceedingly high, whereas it had been com- 
pletely eliminated in other districts where 
the mortality was low. In these latter places 
not only was breast feeding common but 
artificial feeding was correctly employed, 
even though in these places general hygiene 
and housing conditions might be bad. 

The use of cow’s milk in some form as an 
important article in the diet of 25 per cent 
of the population of the countries of Western 
Europe and North America was made pos- 
sible by the parallel development in these 
countries of the dairy industry and provision 
of safe clean milk. In those countries where 
the supply of milk has kept pace with de- 
mand, the per capita consumption has in- 
creased remarkably. For example, in the 
United States milk consumption increased by 
more than 50 per cent between 1909 and 
1950, in England by 70 per cent between 
1900 and 1950, and in Denmark by 24 per 
cent between 1914 and 1949. 

Development of the dairy industry in 
these countries was made possible by a num- 
ber of factors including suitable climates and 
soils, breeding of high yielding strains of 
cattle, and ability of countries to purchase 
from abroad or to grow within their own 
boundaries concentrated feeding stuffs. 
These agricultural factors have been com- 
bined with a level of spending power of the 
great mass of the population that enabled 
them to purchase adequate quantities of 
this food. 
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In many parts of Africa, Asia, and Central 
and South America these favorable condi- 
tions do not prevail. There, infantile mor- 
tality rates are from three to five times 
greater, and the mortality rates in the 1- to 
4-year-old group up to ten times greater 
than those in the more highly economically 
developed countries of Western Europe, 
North America, and Oceania. A study of the 
causes of death shows that premature birth, 
congenital debility, gastroenteritis, and re- 
spiratory infections are responsible for the 
majority of infant deaths in underdeveloped 
countries, whereas in the well-developed 
countries the last two have ceased to be 
significant causes of death. The majority of 
the deaths in the 1- to 4-year-old group in 
underdeveloped countries is also due to gas- 
troenteritis and respiratory infections, dis- 
eases which are insignificant causes of death 
in well-developed countries. 

One of the most widespread nutritional 
disorders of infants and children in Africa 
and Central and South America is a syn- 
drome, at present ill-defined, known by a 
variety of names including Kwashiorkor 
(Nutrition Reviews 8, 55, 161 (1950)). The 
majority of the cases of this syndrome ap- 
pear to occur in population groups that are 
unable for a variety of reasons to obtain a 
balanced diet. The women, prior to preg- 
nancy, are in a state of chronic undernutri- 
tion which continues through pregnancy, 
with the result that the infant is born with 
considerably smaller reserves of nutrients 
than the infant of a healthy, well-nourished 
woman. 

Breast feeding is attempted and continued 
long after the breast has ceased to yield 
more than a fraction of the infant’s require- 
ments. L. Housden (Brit. Med. J. 2, 456 
(1950)) observed in the Southern Sudan 
that infants of 18 months are often starved 
with only 6 or 8 oz. of breast milk a day. 

The principal reason for prolonged nurs- 
ing is the difficulty of obtaining alternative 
foods in lands where milk is scarce or un- 
known. Supplementation of breast milk is 
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often delayed long after it would be given 
in countries with adequate supplies of milk. 
Moreover, when supplements are given they 
take the form of carbohydrate gruels made 
with maize, rice, manioc, etc. Thus from 
an early age the infant receives insufficient 
calories and protein, especially protein of 
high biologic value, minerals, and vitamins. 

In some of these countries the supply of 
milk from cows, goats, buffaloes, and other 
domestic animals, is markedly insufficient 
to meet the needs of the community when 
measured by western standards. For ex- 
ample, in countries like Canada and the 
United States, the milk consumption is 
around 500 g. per day, whereas in countries 
like Italy and Egypt it is about 100 g. per 
day, and for countries like Burma, Ceylon, 
and those in Equatorial Africa and America 
it is less than 50 g. per day. 

Two major lines of action could be taken 
to provide a balanced diet for infants and 
children in the less well-developed areas 
where adequate supplies of milk are not 
now available. Milk could be provided either 
by increased production or by importation 
from countries with excess production, or 
substitutes for milk could be found. 

In some of the countries it may be pos- 
sible for the dairy industry to be developed 
sufficiently rapidly to provide, within a 
reasonable time, enough milk to meet the 
full requirements of infants and young 
children. Agricultural surveys, however, 
have shown that for most of the countries 
of Africa, Asia, and Central and South 
America, this will not be possible in a 
reasonable period of time. Importation of 
processed milk would depend upon the future 
economic development of these countries, 
but such a policy would be contrary to the 
procedure established for any country today. 
It is true that a few countries extremely 
rich in one or more raw materials are able 
to import most of the milk used there now, 
but the full nutritional needs of all the in- 
fants are not being met. 

For many countries the only practical 











“e We Wi Ww Ff 


- 


_ * Fi vr ovo  F 





: 
4 
A 
: 


1951] 


alternative method is development of diets 
for infants and children based upon locally 
available foods, or foods that can be pro- 
duced in the country within a relatively 
short space of time by reorientation of the 
agricultural policy. A number of workers 
have already devoted considerable effort to 
development of diets that are in effect 
“substitutes for milk” (Nutrition Reviews 
8, 208 (1950)). 

L. Nicholls (Food Manufacture 26, 95 
(1950)), who has had extensive experience 
in Ceylon, has suggested that the bulk of 
the milk substitute might be prepared from 
rice and soybean. R. F. A. Dean (Monatschr. 
f. Kinderh. 97, 471 (1950)), working in post- 
war Germany, carried out well-controlled 
experiments and used soya-malt to augment 
a low milk intake. Gomez (Seventh Pediat- 
ric Congress, Zurich (1950)), in Mexico, 
has demonstrated that it is possible to main- 
tain good growth and health in infants and 
children fed a diet of mixed cereals, indige- 
nous beans, and soya. 

These experiments must be considered as 
preliminary tests designed to explore all the 
possible combinations of foods that could 
be satisfactory substitutes for milk. While 
these kinds of diets may not be absolutely 
comparable to diets based on the milk of 
cows, goats, or buffaloes, they could provide 
a vastly better diet than that now enjoyed 
by a high percentage of infants and young 
children in Asia, Africa, and Central and 
South America. From the results of these 
preliminary studies and from theoretical 
considerations of the composition of food- 
stuffs, it would seem that where satisfactory 
indigenous dietary patterns do not already 
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exist adequate diets for infants and children 
in these countries may be obtained by de- 
vising formulas based upon 
available mixed cereals, indigenous legumes, 
green leafy vegetables, and fruits. These 
diets should then be tested by balance experi- 
ments on infants and children either in the 
countries concerned or in laboratories and 
clinics in North America or Europe. 

Much effort will be required in the educa- 
tion of physicians, pediatricians, 
health authorities, nurses, and even the 
mothers themselves, in these countries, to 
ensure that these milk substitutes will pro- 
vide satisfactory growth and development 
in infants and children. This task will not 
be easy, for a high percentage of pediatri- 
cians and others responsible for infant- and 
child-feeding programs in these countries 
have received their training in Europe or 
North America. There they learned to ap- 
preciate the importance of milk in the diet 
of infants and children to such an extent 
that frequently, on return to their own coun- 
tries, they have recommended adoption of 
diets based on the use of cow’s milk, often 
in the face of a marked shortage of this 
product. 

The problem of finding satisfactory locally 
available diets for infants and children in the 
less well-developed parts of the world calls 
for combined operations, involving workers 
in these countries and laboratories and facili- 
ties in the more highly developed countries 
of North America and Europe. 

F. W. CLEMENTS 
World Health Organization 
(reneva 
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PYRIDOXINE AND THIAMINE THERAPY IN DISORDERS OF THE NERVOUS 
SYSTEM 


S. Stone studied the effectiveness of thia- 
mine therapy in several degenerative and 
infectious disorders of the nervous system, 
such as tabes dorsalis (J. Nerv. Ment. Dis. 


95, 156 (1942)), neurosyphilis (Urol. Cutan. 
Rev. 46, 714 (1942)), and _ poliomyelitis 
(Arch. Phys. Therapy 24, 350 (1943)). 

Pyridoxine has been administered intra- 
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venously and intramuscularly, with positive 
results (T. D. Spies and W. B. Bean, Science 
91, (Suppl. to May 31 issue) 10 (1940); A. 
B. Baker, J. Am. Med. Assn. 116, 2484 
(1941)) and with negative results (M. A. 
Zeligs, [bid. 116, 2148 (1941)); W. H. Barker, 
H. J. Stein, M. H. Miller, and M. M. Win- 
trobe, Bull. Johns Hopkins Hosp. 69, 266 
(1941)), in the treatment of Parkinson’s 
disease (paralysis agitans). 

Intraspinal administration of thiamine 
and pyridoxine injected in proper dilution 
with the spinal fluid was considered prefer- 
able to other parenteral methods (S. Stone, 
J. Nerv. Ment. Dis. 100, 185 (1944)). This 
technic was used by Stone (Dis. Nerv. Syst. 
11, 137 (1950)) in 169 patients, of all ages, 
with a variety of nervous system disorders. 
The largest groups consisted of patients 
with anterior poliomyelitis, general paresis, 
tabes dorsalis, multiple sclerosis, and Syden- 
ham’s chorea. Pyridoxine was injected either 
alone or in combination with small amounts 
of thiamine (25 to 35 mg. of pyridoxine, 5 
to 10 mg. of thiamine for adults). The num- 
ber of treatments varied from one to seven. 

The observations were not subjected to a 
refined analysis and the number of patients 
in the single disease categories who improved 
was not always indicated. It was reported 
that in anterior poliomyelitis the treatment 
was effective in patients with weakness on 
effort and muscle cramps but showing little 
muscle atrophy, and also in the atrophic 
type of poliomyelitis with some residual 
muscle power; the intraspinal pyridoxine- 
thiamine therapy, combined in about half of 
the cases with artificial fever, resulted in 
most cases in an improved sense of well- 
being, increase in performance ability, and 
widening of range of movement of the af- 
fected extremities. In chronic cases of polio- 
myelitis with no muscle power, or only a 
trace, the vitamin therapy brought forth no 
appreciable change in the strength of the 
affected muscles. 

Patients with tabes dorsalis selected for 
the vitamin treatment had received ade- 
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quate antisyphilitic therapy but continued 
to show such symptoms as incoordination 
and impairment of gait and of bladder con- 
trol. The intraspinal therapy produced im- 
provement in the ataxia and bladder control, 
and relieved the lightning pains. 

In cases of general paresis the results of 
the vitamin treatment, combined with arti- 
ficial fever and penicillin therapy, were less 
tangible and specific; the effect consisted 
mainly in an improved sense of well-being 
and increased mental alertness. 

The patients with multiple sclerosis re- 
ceived intraspinal pyridoxine-thiamine ther- 
apy combined with oral administration of 
mixed tocopherols and of vitamin B-com- 
plex. Four out of the 6 patients in the ad- 
vanced stage of the disease showed improve- 
ment in gait, decreased spasticity of lower 
extremities, better bladder control, and some 
relief of paresthesias. Arrest of the disease 
and symptomatic improvement were ob- 
served in 9 other patients with multiple 
sclerosis. 

In children affected with Sydenham’s 
chorea, two to three pyridoxine injections 
were given at weekly intervals during the 
acute stage of the disease. The vitamin treat- 
ment was considered in most cases to be as 
effective as artificial fever therapy (see also 
S. Stone, New Engl. J. Med. 223, 489 (1940)). 

Improvement following intraspinal pyri- 
doxine injections was reported for several 
other disorders of the nervous system, such 
as some cases of sciatic neuritis. Although a 
generalization would be out of place, it is of 
interest that in 2 patients with Korsakoff’s 
polyneuritis, intraspinal injections of pyri- 
doxine combined with oral administration 
of vitamin B-complex and natural mixed 
tocopherols were followed by a rapid im- 
provement, while intravenous administra- 
tion of large doses of vitamin B-complex 
was ineffective. 

The pyridoxine therapy was applied by 
Stone in over twenty neurologic disorders of 
varied origins and at times of unknown eti- 
ology. Frequently, the number of subjects 
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in each disease category was very small (5 
or less). On a number of occasions the pyri- 
doxine-thiamine therapy was combined with 
other forms of therapy in some patients but 
not in other patients with the same neuro- 
logic diagnosis. These are all-too-frequent 
characteristics of clinical reports. The effort 
to help the patient by using any remedy 
available in the clinician’s therapeutic arma- 
mentarium is well understandable but, at 
the same time, it is evident that such a pro- 
cedure cannot yield generalizations of known 
dependability. 

The physiologic rationale of the pyridox- 
ine-thiamine therapy was not clearly stated. 
The effect was considered to be most likely 
nonspecific and not to be due to the replace- 
ment of a deficiency. On the other hand, the 
author referred to experimental evidence in 
animals indicating that pyridoxine and thia- 
mine are required for maintenance of the 
integrity of nervous tissue. There is a little 
or no evidence that the neurologic disorders 
studied by Stone involve a deficiency of the 
vitamins of the B-complex, particularly 
pyridoxine. The significance of the fact that 
in some types of neurologic involvements an 
almost immediate beneficial response to the 
injections was obtained is not clear. The 
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author feels that it indicates the ‘“biochem- 
ical” character of some of the nervous sys- 
tem lesions. 

Stone’s experience 
thiamine therapy in 
disorders 


with the pyridoxine- 
a variety of nervous 
appears encouraging. He noted 
that some favorable results were obtained 
by others but that their number is over- 
shadowed by negative reports. He believed 
that some of the unfavorable results could 
have been reversed had the intraspinal in- 
stead of the intravenous method of pyridox- 
ine administration been used. 

Stone sees the advantage of the intra- 
spinal method in that it places the vitamin 
solution in the cerebrospinal fluid from which 
it can be absorbed by the central nervous 


system tissues directly, without having to 


pass through the blood-brain (hematoen- 
cephalic) barrier after it has been diluted in 
the blood stream. 

In cases of illnesses of long standing, si- 
multaneous oral administration of vitamins 
of the B-complex and natural mixed to- 
copherols was recommended. Stone’s results 
should not be neglected in any attempt at 
evaluation of pyridoxine therapy, but it is 
obvious that more systematic studies are in 
order. 


EFFECT OF VITAMIN B,, ON LIVER INJURY INDUCED BY CARBON 
TETRACHLORIDE 


Investigations pertaining to the physi- 
ologic functions of vitamin By early indi- 
cated a probable metabolic relationship be- 
tween the vitamin and nucleic acids 
(Nutrition Reviews 7, 116 (1949)). For this 
reason it was proposed that vitamin By 
might be effective in ameliorating or correct- 
ing changes in tissue associated with toxic 
or degenerative loss of nucleic acid. 

In a test of the above hypothesis, H. 
Popper, D. Koch-Weser, and P. B. Szanto 
of the Hektoen Institute in Chicago (Proc. 
Soc. Exp. Biol. Med. 71, 688 (1949)) were 
able to demonstrate that administration of 


a vitamin By concentrate to rats prior to 
induction of liver injury by injection of 
‘arbon tetrachloride provided partial pro- 
tection against this hepatotoxin. The his- 
tologic changes of necrosis were less and the 
reduction of ribonucleic acid in liver cells 
seemed not to be as marked in animals re- 
ceiving vitamin By as in control animals 
which did not receive the vitamin. 

These observations have been extended 
and the effect of vitamin By in therapy of 
‘varbon tetrachloride-induced hepatic ne- 
crosis has been studied by workers in the 
same laboratory (D. Koch-Weser, P. B. 








| 
| 
' 


134 NUTRITION 


Szanto, E. Farber, and H. Popper, J. Lab. 
Clin. Med. 36, 694 (1950)). 

Female rats, 2 to 4 months of age, were 
used in the experiments. A commercially 
available animal chow was fed ad libitum. 
Liver injury was induced in all animals by 
intraperitoneal injection of 0.033 ml. of car- 
bon tetrachloride in 1 ml. of mineral oil per 
100 g. of body weight. Animals were killed 
forty-eight hours after administration of 
carbon tetrachloride and the livers excised 
for histologic and chemical assay. In addi- 
tion, bromsulfalein retention was deter- 
mined as a test of liver function just prior 
to killing. 

Four groups of animals were given graded 
doses of a vitamin By concentrate prior to 
administration of carbon tetrachloride in 
the attempt to determine the quantity of 
vitamin required to protect against the toxic 
manifestations in the liver. The doses given 
were 15, 10, 2.5, and 1.0 micrograms per 100 
g. of body weight. 

The vitamin preparation was given sub- 
cutaneously in four daily divided doses just 
prior to injection of the carbon tetrachloride. 
As in the preliminary experiments, 15 micro- 
grams of vitamin By per 100 g. of body 
weight ameliorated the effects of the hepa- 
totoxin. The liver weight was less, as was 
the quantity of fat deposited in the liver, 
in groups of rats receiving this quantity of 
Vitamin By, than in unprotected animals. 
In addition, the bromsulfalein retained in 
the blood stream after injection of a test dose 
of the dye in protected animals was less than 
half that retained in control animals. 

Histologic changes in the liver were also 
modified by pretreatment with vitamin By. 
There was less accumulation of fat in ne- 
crotic areas of the liver lobule, and the area 
of necrosis seemed to be decreased in size. 
Pyronine staining of the tissue indicated 
that the vitamin also protected against cy- 
toplasmic loss of ribonucleic acid. However, 
chemical analysis failed to corroborate this 
observation. Total nucleic acid, pentose, and 
desoxypentose contents of livers from pro- 
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tected animals and unprotected controls 
were similar. 

The protective effect of 15 micrograms of 
vitamin By against toxic doses of carbon 
tetrachloride varying from 0.05 to 0.8 ml. 
per 100 g. of body weight was tested in other 
groups of rats. Although the number of 
rats in a group receiving the same quantity 
of carbon tetrachloride was small, the lethal 
dose of the toxin seemed to be increased by 
prior administration of the vitamin. The 
mortality rate for all rats which were un- 
protected was 48 per cent after ninety-six 
hours, while in those receiving vitamin By 
the deaths were only 18 per cent of the total. 

The data recorded by the authors do not 
permit conclusions concerning the protective 
effect of doses of vitamin By less than 15 
micrograms per 100 g. of body weight. Pre- 
cursory comparison of means of the various 
tissue analyses would seem to indicate some 
effect from a dose of 10 micrograms, and 
little or no effect from lesser quantities. 
These comparisons would have been made 
more satisfactorily had a statistical com- 
parison of means and variance been pro- 
vided. 

In the attempt to determine whether 
vitamin By» was effective in treatment as well 
as in protection from this type of hepatic 
injury, two groups of rats were given 30 
micrograms and 15 micrograms, respectively, 
in four divided doses within thirty-six hours 
after administration of 0.033 ml. of carbon 
tetrachloride. There was no evidence from 
histologic examination or chemical analysis 
that the vitamin had any effect: when its 
administration followed that of the toxin. 
However, these animals were killed forty- 
eight hours after administration of the car- 
bon tetrachloride and comparative mor- 
tality data are not provided. A therapeutic 
effect possibly might have been manifest at 
a later time in animals surviving the first 
days of this toxic necrosis of the liver. 

From the data provided by Koch-Weser 
and associates (loc. cit.) it can be concluded 
that vitamin By, in relatively large dosage, 
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will ameliorate the effects of hepatic necrosis 
induced by carbon tetrachloride when ad- 
ministered prior to the toxin. The original 
suggestion of these authors that this effect 
was mediated through the role of vitamin 
By in the metabolism of nucleic acids is not 
borne out by their later analyses of liver. 
Instead the authors offer the opinion that 
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the vitamin is active through mechanisms 
whereby it prevents accumulation of fat in 
liver cells and makes the necrotic process 
less. Because the vitamin was not effective 
after induction of hepatic injury it is felt 
that the protective effect is not a lipotropic 
one allowing for the removal of excess fat 
from the liver. 


ION ANTAGONISM AND INORGANIC NUTRITION 


Many instances of antagonistic relation- 
ships between inorganic ions in various 
biologic systems have been described since 
Ringer, in 1882, showed that a balanced 
solution of sodium, potassium, and calcium 
ions was necessary to maintain the beat of 
excised hearts. In no instance has the mech- 
anism of such antagonistic actions been fully 
clarified; in the older literature the effects 
have usually been postulated to result from 
unspecified effects of the various electro- 
lytes upon external and internal membrane 
surfaces. 

A series of papers by R. A. MacLeod and 
IE. E. Snell describing several instances of 
ion antagonism in the lactic acid bacteria are 
of considerable interest in this connection, 
since they relate this phenomenon rather 
clearly to the inorganic nutrition of the cells. 

MacLeod and Snell (J. Biol. Chem. 170, 
351 (1947)) found that all of the lactic acid 
bacteria examined require potassium and 
manganous ions for growth. Typical dose- 
response curves, relating the amount of 
growth to the amount of each of these ions 
present in the medium were obtained. Some 
organisms, in addition, required magnesium ; 
but no requirement for other metallic ions 
could be demonstrated by the procedures 
used. 

Subsequently (J. Biol. Chem. 176, 39 
(1948)) the specificity of the requirement 
for potassium ion was investigated by de- 
termining the effect of the other alkali metal 
ions (sodium, rubidium, and cesium) and 
the closely related ammonium ion on the 


requirement for potassium. Sodium, ammo- 
nium, and cesium ions did not replace potas- 
sium for growth of any of the organisms. 
For Streptococcus faecalis and Lactobacillus 
casei, rubidium ion was the nutritional 
equivalent of potassium; i.e., these organ- 
isms grew well when potassium was omitted 
completely from the medium, provided 
equimolar amounts of rubidium were added 
in its place. For Leuconostoc mesenteroides, 
however, potassium could not be replaced 
by rubidium. 

It was next shown that when growth- 
limiting amounts of potassium ion were 
present, growth was inhibited by addition 
of sodium ions, but again occurred if the 
concentration of potassium ion was _ in- 
creased. A further increase in the sodium 
ion concentration again inhibited growth, 
and growth again occurred when the potas- 
sium ion concentration was raised suffi- 
ciently. Thus a typical competitive antago- 
nistic relationship between the 
nutritionally essential potassium ion and the 
nonessential sodium ion. 


existed 


Cesium and ammonium ions, which did 
not replace potassium for growth, acted an- 
tagonistically to potassium in the same man- 
ner as did sodium. The effect of rubidium 
ion varied with the organism. With L. case7, 
for which it is the nutritional equivalent of 
potassium, it acted like potassium in pre- 
venting inhibition by sodium and ammonium 
ions. For L. mesenteroides, for which it is not 
the nutritional equivalent of potassium, it 
acted in the same way as sodium and ammo- 
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nium ions, i.e., as an inhibitor the effects of 
which were prevented by the nutritionally 
essential ion, potassium. Thus the antag- 
onistic action of the inhibitory ions can be 
viewed as resulting from the fact that they 
screen the nutritionally essential potassium 
ion away from its site of action. 

Two more papers (Ann. N. Y. Acad. Sev. 
52, 1249 (1950): J. Bact. 59, 783 (1950)) 
further extend these concepts. The primary 
role of nutritionally essential ions such as 
potassium in these unicellular organisms 
may be assumed to lie in their combination 
with certain cell proteins (e.g., apoenzymes) 
to produce functional metalloproteins (e.g., 
metalloenzymes). A given essential ion may 
be required for activation in this way of 
several different proteins, all of which con- 
tribute to, or are essential for, growth. A 
structurally related ion of similar size and 
charge may, if present in sufficient amounts, 
combine with one or more of these proteins 
to produce a nonfunctional metalloprotein, 
thus preventing growth. 

Diagrammatically, the events may be 
represented as follows, where M, represents 
the nutritionally essential metal ion (e.g., 
potassium); E an apoprotein, and M,E the 
corresponding functional metalloprotein. M;, 
represents the antagonistic ion (e.g., sodium, 
ammonium, or cesium) and M,E the corre- 
sponding nonfunctional metalloprotein. 


M. M.E 


“ 
+E. 


M; ME 


If the combinations are reversible, as indi- 
cated, then growth inhibition caused by ¢ 
given ion M;, would be overcome by supply- 
ing enough of the corresponding nutritionally 
essential ion, M,, and a competitive relation- 
ship such as was actually observed between 
potassium and related alkali metal ions 
would result. 

It was mentioned earlier that rubidium 
replaced potassium completely for S. faecalis, 
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but not for L. mesenteroides. However, the 
magnitude of the requirement of L. mesen- 
teroides for potassium was reduced when 
small amounts of rubidium were present. 
In terms of the picture presented above, it 
appears that all of the reactions essential 
for growth of S. faecalis that normally re- 
quire potassium can also be activated by 
rubidium. Some, but not all of the corre- 
sponding reactions in L. mesenteroides can be 
activated by rubidium. Although the latter 
ion does not completely replace potassium 
for growth, it therefore spares the potassium 
requirement. 

Entirely similar reasoning probably ex- 
plains the observed fact that cesium (in 
subinhibitory amounts) decreases the potas- 
sium requirement of L. arabinosus, but. does 
not completely replace potassium for this 
organism. According to this view, sparing 
effects of this type are simply reflections of 
the well-known fact that more than a single 
metal ion may activate individual metallo- 
enzymes, whereas other metalloenzymes 
may be activated by only a single metal ion. 

High concentrations of rubidium are in- 
hibitory to L. mesenteroides because they in- 
terfere with the formation of metalloproteins 
specifically activated by potassium even 
though at lower concentrations this ‘‘for- 
eign’ ion spares potassium by taking over 
some of its less specific functions. Thus the 
same metal ion, rubidium, may have no 
growth-promoting effect (in the absence of 
potassium), may stimulate growth (in the 
presence of suboptimal amounts of potas- 
sium), or may inhibit growth when present 
in great excess relative to potassium. Each 
of these effects has been observed under the 
specified conditions with L. mesenteroides, 
and each is readily explained on nutritional 
grounds by means of the general picture 
presented by these investigators. 

Additional examples of ion antagonism 
which appear understandable in similar 
terms are provided in the latest paper of the 
series (J. Bact., loc. cit.). It was shown that 
zinc inhibits growth of L. arabinosus, and 
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that this inhibition could be overcome by 
increasing the concentration of the essential 
mineral element, manganese. 

Calcium, strontium, and magnesium ions 
also effectively counteracted zine inhibition, 
but could not themselves be shown to be 
essential for growth of this organism. How- 
ever, each of these ions decreased the require- 
ment of the organism for manganese, i.e., 
they apparently filled some, but not all, of 
the functions for which manganese was 
essential, and thus decreased the require- 
ment for the latter ion. 

It is postulated that zine exerted its in- 
hibitory effects through interfering with one 
of these latter functions, filled nonspecifically 
by any of the four ions found to be antag- 
onistic to zine in this system. 

The hypothesis presented by these in- 


vestigators is a plausible one, and if it can 
be extended successfully to other organisms, 
would appear to offer a means for corre- 
lating many previously unexplained obser- 
vations dealing with ion antagonisms in 
lower organisms. Since it seeks to explain 
these antagonisms in terms of metal-acti- 
vated enzymic processes, it should be sus- 
ceptible to further critical testing with 
resting-cell and cell-free preparations. 

In addition to testing further the hypoth- 
esis, such tests should advance knowledge of 
both the nutritional and biochemical as- 
pects of inorganic metabolism in lower 
organisms, and thus provide a start toward 
a fuller understanding of the undoubtedly 
more complex relationships that hold in the 
higher animals. 


A FOLLOW-UP STUDY OF CANADIAN REPATRIATES FROM JAPANESE 
PRISONER-OF-WAR CAMPS 


About 1400 Canadian soldiers, detained 
in Japanese camps for some forty-five 
months, returned to Canada in the fall of 
1945. Deficiency of vitamins of the B-com- 
plex seemed to have been the outstanding 
deficit in their diet. The living conditions in 
the camps and the development of the syn- 
drome of nutritional deficiency have been 
described by J. N. Crawford and J. A. G. 
Reid (Canad. J. Res. (Section E) 25, 53 
(1947)). The symptoms resembled closely 
those reported in other groups of Americans 
and Europeans who spent several years as 
prisoners of the Japanese (Nutrition Reviews 
4, 208 (1946); 5, 37, 114, 273, 312 (1947)). 

On their return to Canada the men recov- 
ered most of the weight lost and many actu- 
ally became grossly obese. The over-all re- 
covery was much less complete despite a 
good diet high in protein and supplemented 
with vitamin B-complex. However, it was 
expected that most of the symptoms would 
disappear within one year. 

The symptoms frequently encountered in 


the repatriates were easy fatigability, pro- 
fuse perspiration without adequate cause, 
paresthesias (numbness, ‘‘pins and needles,”’ 
“shooting pains’’), cramps in the calf mus- 
cles, visual complaints (poor vision ascribed 
to weakness of the intrinsic ocular muscles, 
optic neuritis, and optic atrophy), edema, 
cardiovascular (dyspnea on slight effort, pal- 
pitation, and tachycardia) and gastrointes- 
tinal complaints (anorexia, nausea, feeling 
of surfeit after a moderate meal), and 
“nervousness” (restlessness, irritability, in- 
somnia, agoraphobia, claustrophobia). 

The ophthalmologic findings were de- 
scribed in greater detail by P. G. Bell and 
J. C. O'Neill (Canad. Med. Assn. J. 56, 475 
(1947)) and by F. LeTarte and P. Simard 
(Treatment Services Bull., Dept. Vet. Affairs 
(Ottawa) 2 (No. 9), 14 (1947)). A sample of 
300 men was examined in detail by J. D. 
Adamson, P. K. Tisdale, D. C. Brereton, 
and L. W. B. Card (Canad. Med. Assn. JJ. 
56, 481 (1947)). These authors predicted 
that about 6 per cent of the men would have 
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a marked and permanent disability from 
optic atrophy and that another 6 per cent 
would continue to suffer from a disability 
due to other neurologic lesions. 

By 1949 it was apparent that the progress 
of rehabilitation was not as rapid and as 
frequent as had been expected. In a sample 
of 400 men the percentage exhibiting a given 
symptom in 1945 and 1946 and in 1949 and 
1950 was for fatigability, 45 and 35; sweat- 
ing, 34 and 10; paresthesias, 51 and 37; 
optic atrophy, 14 and 13; edema, 12 and 4; 
cardiovascular complaints, 41 and 5; gas- 
trointestinal complaints, 26 and 10; and 
nervousness, 12 and 6. 

In January 1950 a study was begun (J. N. 
Crawford, Treatment Services Bull., Dept. 
Vet. Affairs (Ottawa) 5, 158 (1950)) to learn 
more about the bases of these complaints, 
especially of the paresthesias. At present 
the relative importance of psychologic and 
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neuropathologic factors in these complaints 
is unknown. Limited evidence suggests that 
there may be a much more extensive involve- 
ment of the central nervous system, particu- 
larly the spinal cord, than the current clinical 
tests for touch, superficial pain, temperature, 
vibration sense, position sense, superficial 
and deep reflexes, and the Romberg test, 
would seem to indicate. 

Protocol for autopsy was worked out, with 
stress on the central nervous system, and 
directions were issued to send central nerv- 
ous system specimens to the headquarters 
of the Canadian Treatment Services in order 
to insure a uniform examination and inter- 
pretation. 

This study should contribute substantially 
to the meager knowledge of the permanent 
neurologic effects of one type of prolonged 
and severe nutritional deficiency. 


CIRCULATORY EFFECTS OF INTRAVENOUS INJECTIONS OF NIACIN 


Niacin, when administered in large doses, 
presents certain pharmacologic effects which 
have led to use of it as a therapeutic agent 
in some conditions. In particular, it is a 
vasodilator and a hypotensive agent and 
because of these properties many clinicians 
have recommended it for the treatment of 
coronary conditions (A. Moncrieff, Lancet I, 
633 (1942); F. J. Neuwahl, Jbid. HW, 419 
(1942); W. Stokes, Brit. Heart J. 6, 157 
(1944)). On the other hand, study of the 
mechanism of this hypotension and the de- 
scription of the associated vasodilation have 
given rise to many contradictory results, 
both in the experimental animal and in man. 

F. D. McCrea (J. Pharmacol. Exp. Therap. 
63, 25 (1938)) recorded an increase in the 
arterial pressure of cats when they were 
given large doses of the vitamin. Other 
workers using the dog found either no effect 
at all or a transitory decrease. In man, O. 
Horwitz, H. Montgomery, E. D. Longaker, 
and A. Sayen (Am. J. Med. Sci. 218, 669 


(1949)) could see no effect on arterial pres- 
sure nor on cardiac output, while R. J. 
Popkin (Am. Heart J. 18, 697 (1939)) ob- 
served definite falls in blood pressure in some 
subjects. Contradictory results were also 
found concerning skin temperature . and 
plethysmographic data. 

J. Lequime, P. Cammaerts, F. Goksel, 
and L. Jonnart (Acta clin. Belg. 5, 466 (1950)) 
made a complete study of the circulatory 
effects of intravenous administration of 
niacin in man. They investigated arterial 
pressure, heart rate, respiratory rate, elec- 
trocardiographic picture, oxygen consump- 
tion, circulatory rate, cardiac output, and 
blood volume. 

Injection of a single dose of 75 mg. of nia- 
cin caused an immediate vasodilatation of 
the skin, accompanied by a feeling of intense 
heat, lasting ten to twenty minutes. In all 
cases a definite hypotension, sometimes 
preceded by a brief and slight hypertension, 
was observed. The hypotension became de- 
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niacin 
about ten 


tectable about two minutes after 
administration and lasted for 
minutes. 

Both systolic and diastolic pressures were 
affected. The heart rate was generally in- 
creased, the acceleration reaching almost 40 
per cent in some subjects, with an average 
of 13 per cent. Otherwise, no change could 
be detected in the electrocardiographic pic- 
ture. One subject showed no change in heart 
rate following administration of niacin. Car- 
diac output was increased, the variation in 
this increase being very large (6 to 150 
per cent), with an average of 71 per cent. 
In all cases the circulatory rate, measured 
by the variation of optical density of the ear 
lobe after injection of a dye (C. Callebaut, 
J. Lequime, and H. Denolin, Acta cardiol. 
5, 137 (1950)), was increased. 

The blood volume, studied by the Greger- 
son method (dilution of injected Evans blue 
dye) did not show any important change. 
Plasma volume also remained approximately 
unchanged. In some subjects there was a 
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definite increase in oxygen consumption, 
apparently associated with hyperpnea. 

While in some cases the observed increase 
in cardiac output may be due in part to the 
increase in metabolic rate, the authors point 
out that the essential cause of this increase 
must be the considerable peripheral vasodila- 
tation, such as experienced with injections 
of saline or histamine. 

The conclusions pertaining to the thera- 
peutic effects of niacin are particularly in- 
teresting. While the authors confirm the 
existence, although transitory, of a hypo- 
tensive state following its administration, 
they point out that other effects, particu- 
larly the increase in cardiac output, are 
essentially undesirable in coronary syn- 
dromes. 

This study affords another example of the 
necessity for careful examination of all 
physiologic actions of a drug before allowing 
one effect, however desirable it may appear, 
to dictate its therapeutic use. 


AMMONIUM PERSULFATE FOR IMPROVEMENT OF FLOUR 


Various chemical compounds have been 
added to wheat flour to bleach and artifi- 
cially ‘“‘age’’ it, thus improving the loaf vol- 
ume of the dough and also the quality of 
the baked bread. One of these improving 
agents, nitrogen trichloride, has been shown 
to react upon the methionine of the wheat 
protein to produce an antimetabolite which 
interferes with utilization of that essential 
amino acid, and as a result is no longer used 
(Nutrition Reviews 5, 184 (1947); 6, 237 
(1948); 8, 14, 170 (1950)). 

Dogs, rabbits, and cats are affected by 
nitrogen trichloride-treated flour, whereas 
rats, mice, and guinea pigs seem to be im- 
mune; the susceptibility of the monkey 
seems to be in doubt. Studies with human 
subjects indicate that man is not affected 
(G. W. Newell et al., J. Am. Med. Assn. 
135, 760 (1947)). A study was carried out 


to elucidate the possible toxicity of other 
artificial aging compounds (A. Arnold, 
Cereal Chem. 26, 46 (1949)). Nitrogen tri- 
chloride, ammonium persulfate, 
potassium bromate, benzoyl peroxide, ni- 
trosyl chloride, and chlorine dioxide were 
investigated. These substances were added 
to flour in two and a half to ten times the 
amounts used commercially. The steamed 
flour was added to yeast, powdered skim 
milk, corn oil, sodium chloride, liver powder, 
and meat, and this ration was fed to dogs. 

All of the experimental animals restricted 
to the diet containing flour treated with 
nitrogen trichloride developed convulsions, 
whereas all other dogs remained unaffected; 
furthermore, the rations containing flours 
treated with the other improving agents 
actually were curative for the convulsions 
induced by nitrogen trichloride. It is of par- 
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ticular interest that 6 of the dogs were given 
ammonium persulfate-treated flour for 
ninety days without untoward results. 

In Europe, ammonium persulfate has long 
been used as a flour-improving agent, and it 
has recently received attention in this coun- 
try (J. M. Doty and R. C. Sherwood, Cereal 
Chem. 27, 409 (1950)). It is a powerful oxi- 
dizing agent and acts as an artificial aging 
substance in amounts of 1 to 20 g. per 100 
pounds of flour. Upon contact with moisture, 
it decomposes, yielding ammonium sulfate 
which is food for yeast. In this study it was 
used with spring, winter, and West Coast 
wheat flour and it improved both the loaf 
volume and the crumb texture. 

With respect to its effect on storage prop- 
erties and baking characteristics of flour, 
to which it had been added, ammonium per- 
sulfate compared favorably with nitrogen 
trichloride. Furthermore, it did not have a 
deleterious effect on the thiamine or ribo- 
flavin of enriched flour to which it had been 
added, either after milling, after prolonged 
storage, or in the baked bread. 

In view of the experience with nitrogen 
trichloride, animal experiments to test the 
toxicity of any substitutes would seem to be 
essential. One study has been reported using 
dogs as experimental subjects (A. Arnold 
and F. C. Goble, Cereal Chem. 27, 375 
(1950)). The steamed flour, yeast, milk, corn 
oil, liver powder, meat diet was used as a 
basal ration and to it was added 0.15 or 1.0 


per cent ammonium persulfate, the higher 
concentration being some two hundred 
times that used commercially in bleaching 
flour. After sixteen months there was no 
change in gross appearance, body weight, 
renal function, blood picture, gross. appear- 
ance or histologic structure of the viscera, 
central nervous system, or endocrine glands 
which could be attributed to the presence 
of the ammonium persulfate. 

In another experiment (A. Arnold and 
F. C. Goble, J. Nutrition 41, 459 (1950)) 
rats were used. The diet comprised 78 per 
cent of bread or flour, the flour in either case 
containing originally 0.02, 0.1, or 1.0 per 
cent ammonium persulfate as an artificial 
aging factor. 

The rats appeared normal as regards 
growth, reproduction, histologic examina- 
tion of the tissues, and the hematologic pic- 
ture when the two lower concentrations of 
the aging factor were used; with 1.0 per 
cent of ammonium persulfate (one hundred 
to one hundred and fifty times the amount. 
used commercially) reproduction was poor, 
growth was retarded, and the young of the 
second generation had an unhealthy ap- 
pearance. Inasmuch as ten to fifteen times 
the amount of ammonium persulfate cus- 
tomarily used in aging flour produced no 
detectable toxic results in this investigation, 
it was concluded by the authors that this 
compound can be used safely as an improv- 
ing agent for flour. 


AN ANTIVITAMIN A 


P. Meunier, J. Jouanneteau, and G. 
Zwingelstein (Compt. rend. Acad. d. sci. 
231, 1170 (1950)), in the course of studies 
on the direct oxidation of beta-carotene 
into retinene by various metallic oxides, 
studied the effects of vanadium oxide on 
vitamin A. Meunier, Jouanneteau, and R. 
Ferrando (Ibid. 230, 140 (1950)) have now 
demonstrated that among the oxidation 


products thus obtained is a substance which 
must be regarded as the first antivitamin A. 

When a petroleum ether solution of vita- 
min A is shaken with vanadium oxide, a 
reaction product can be identified which 
possesses absorption bands in the ultraviolet 
at the 255, 290, and 340 millimicron posi- 
tions. On effecting the antimony trichloride 
color test, the new compound yields a dark 
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red chromogen which is characterized by 
545 and 490 millimicron absorption bands. 
The new substance, which the authors call 
the Z derivative, is not only devoid of vita- 
min A-like activity but functions actually 
like an antivitamin. The following experi- 
ments were used to demonstrate this inter- 
esting property. 

Three groups of rats were placed on a 
vitamin A-deficient diet, a control group 
receiving 2.5 micrograms of vitamin A daily, 
a second group receiving no supplement, 
and a third group receiving a daily dose of 
12 micrograms of the Z derivative. The con- 
trol group developed normally. The deficient 
group showed an average duration of sur- 
vival of thirty-four days and presented the 
classic symptoms of vitamin A deficiency. 
The third group, receiving the Z derivative, 
showed an average survival time of only 
nineteen days. The onset of xerophthalmia 
and the appearance of other classic vitamin 
A deficiency symptoms were correspondingly 
accelerated. Furthermore, the scorbutic-like 
hemorrhagic symptoms described by J. 
Mayer and W. A. Krehl (Arch. Biochem. 
16, 313 (1948); Nutrition Reviews 6, 224 
(1948)) in fast-growing rats on a synthetic 
vitamin A-deficient diet also devoid of a- 
scorbic acid, were rapidly and clearly mani- 
fest. - 

In another group of animals, Meunier, 
Jouanneteau, and Ferrando were able to 
obtain graded responses, so far as weight 
loss was concerned, with higher doses of the 
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Z derivative. The concomitant administra- 
tion of vitamin A and the antivitamin proved 
extremely interesting. Daily doses of 2.5 to 
50 micrograms of vitamin A increased con- 
siderably the duration of survival of rats 
given the Z derivative. However, it proved 
impossible so to overcome the toxicity of 
the antivitamin as to be able to restore a 
normal rate of growth. This seems to be 
linked to an inhibition of vitamin A storage 
in the liver. 

When small the Z derivative 
were included in the diet, even the daily 
administration of 50 micrograms of vitamin 
A gave rise to no detectable storage of vita- 
min A in the liver, as characterized by spec- 
troscopic examination of the liver extracts 
for the 320 millimicron absorption band. 
Vitamin A storage was detectable by this 
method in a control group receiving only 2.5 
micrograms of vitamin A daily but no Z 
derivative. This substance thus appears to 
behave like a competitive inhibitor much 
more strongly bound to the storage protein 
than is vitamin A. 

The study of the biochemical blocks occa- 
sioned by antivitamins has proved extremely 
fruitful in the case of many of the water- 
soluble vitamins, for instance thiamine, bio- 
tin, para-aminobenzoic acid, and ascorbic 
acid. The discovery of the properties of the Z 
substance seems to offer a promising tool 
for the study of what is still one of the least 
known, though one of the earliest charac- 
terized, vitamins. 


doses of 


NUTRITION SURVEY AND TESTS IN THE PHILIPPINES 


For some time it has been known that 
beriberi is endemic in Bataan, the Philip- 
pines. A clinical survey was conducted to 
measure the prevalence of beriberi (Vutri- 
tion Reviews 7, 90 (1949)). 

H. B. Burch and co-workers (J. Nutrition 
42, 9 (1950)) have now obtained a more 
definite picture of the state of nutrition of 


a population sample in Bataan. Although 
the study was designed primarily to secure 
a record of thiamine concentration in blood 
samples of a small population previously 
classified as to beriberi symptoms, other 
tests were included. 

Results of analyses were reported for thia- 
mine and hemoglobin in blood; for protein, 
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ascorbic acid, and carotene in serum; and 
for thiamine in urine. Data were also ob- 
tained on the effect of daily doses of thia- 
mine on the levels of this vitamin in the red 
blood cells. 

Blood analyses were made on samples 
from 202 persons, the majority (approxi- 
mately 150) being young adult women, 
pregnant or lactating, who had symptoms 
of beriberi, and a- smaller group (approxi- 
mately 50) who were classified as normal. 
The latter group, the authors point out, 
should have been more accurately described 
as ‘‘nonsymptomatic”’ since their dietary 
histories indicated a low thiamine intake. 
Those classified clinically as having beri- 
beri were subdivided into groups as follows: 
frank, suspected, and doubtful. 

The average blood thiamine levels were 
3.4 micrograms per 100 ml. for those with 
frank or suspected beriberi, and 4.0 micro- 
grams for those designated as normal or 
nonsymptomatic. These values are con- 
siderably lower than the value of 6.0 micro- 
grams obtained by these investigators in a 
small group of well-nourished adults in New 
York. The differences between the blood 
thiamine values of combined frank and sus- 
pected cases of beriberi and combined 
doubtful and nonsymptomatic cases were 
significant. However, the differences be- 
tween the frank and suspected cases were 
not significant; nor was there any significant 
difference between the doubtful and non- 
symptomatic cases. 

From the results it was evident that in 
populations where beriberi was endemic, 
low levels of blood thiamine were prevalent 
even among individuals who showed no 
apparent clinical symptoms of deficiency. 
Furthermore, there was no clear parallelism 
between low levels of thiamine and severity 
of deficiency symptoms. Indications were 
that blood levels reflected primarily current 
dietary intake of thiamine and that clinical 
signs represented a protracted deficiency. 

The average thiamine in red blood cells, 


REVIEWS [May 


although slightly decreased in frank beriberi 
‘ases (8.9 micrograms per 100 ml. of blood), 
was very nearly the same as that reported 
for well-nourished individuals (9.4 micro- 
grams per 100 ml. of blood). Daily doses of 
10 mg. of thiamine for seven days increased 
the thiamine content of red blood cells about 
35 per cent in beriberi cases. 

The average urinary excretion of thiamine 
for persons with symptoms of beriberi was 
47.3 micrograms per gram of creatinine, and 
the average for nonsymptomatic persons 
was 71.4 micrograms per gram of creatinine 
excreted. Only one case exhibited an excre- 
tion value within what is considered the 
normal range (150 to 300 micrograms per 
gram of creatinine). In general, those with 
symptoms of beriberi had lower urinary 
thiamine excretions and lower thiamine 
blood levels than those without symptoms. 
In individual cases, however, the urinary 
excretion did not always parallel the blood 
levels. 

Anemia was prevalent. The anemias in 
the beriberi cases were more severe than 
those in the nonsymptomatic group, and it 
was considered that this condition may have 
been responsible in part for such symptoms 
as fatigue and nervousness. The average 
hemoglobin value for all women with beri- 
beri was 10.2 g. per 100 ml. of blood, and 
less than 10 per cent of these fell into what 
is generally considered the normal range of 
12.8 to 15.7 g. per 100 ml. of blood. 

Serum protein levels were essentially nor- 
mal; only 9 per cent of the population tested 
fell below 6 g. per 100 ml. of blood, and 75 
per cent had levels above 6.4 g. per 100 ml. 

In general, the Bataan population exam- 
ined had low levels of ascorbic acid and 
‘sarotene in the blood serum. The average 
serum ascorbic acid, 0.46 mg. per 100 ml. of 
blood, contrasted with a value of 1.66 mg. 
per 100 ml. of blood found in well-nourished 
high school students in New York. The 
serum carotene concentration in the Philip- 
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pine population sample (47 micrograms per 
100 ml. of serum) was likewise considerably 
below the value for New York high school 
students (146 micrograms per 100 ml. of 
serum). 

These extensive biochemical investiga- 
tions in a segment of the Philippine popula- 
tion are of great importance. This study 
should be followed with interest since it is 
perhaps the first extensive survey which in- 
cluded biochemical tests in a predominately 
rice-eating population. The consumption of 
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rice in the population sampled was estimated 
to be about 300 pounds per capita annually. 

A rice enrichment program has been ini- 
tiated in order to reduce the prevalence of 
beriberi. The following components have 
been added, in milligrams per pound of rice: 
thiamine 2; niacin 15; and iron 13. It will 
be of particular interest, in the follow-up 
studies, to see the extent to which the rice 
enrichment program will improve the gen- 
eral nutritional health of the Philippine 
population. 


FOLACIN ANTAGONISTS IN THE TREATMENT OF ACUTE LEUKEMIA 


In 1947 A. L. Franklin, E. L. R. Stokstad, 
M. Belt, and T. H. Jukes (J. Biol. Chem. 
169, 427 (1947); Nutrition Reviews 6, 23, 338 
(1948)) reported that a crude preparation 
made by condensing 2,4,5-triamino-6-hy- 
droxy-pyrimidine and para-aminobenzoy1-.- 
glutamic acid with 2,3-dibromobutyralde- 
hyde was found to antagonize reversibly the 
effect of pteroylglutamic acid on Strepto- 
coccus faecalis R, Lactobacillus casei, and 
rats. 

The syndrome produced in rats by this 
antagonist was characterized by a cytopenia 
and these authors made the suggestion that 
this preparation might be used experimen- 
tally in an attempt to modify blood dys- 
crasias in man characterized by erythrocy- 
tosis or leucocytosis. 

A number of biologically antagonistic 
analogues of pteroylglutamic acid have been 
synthesized by the Lederle organic chemists 
since 1947, and tested for antileukemiec ac- 
tivity in human subjects, by various clini- 
cians. 

W. Dameshek, M. H. Freedman, and L. 
Steinberg (Blood 5, 898 (1950)) treated 40 
cases of acute and subacute leukemia with 
one or more of the following folacin antag- 
onists: 4-amino-pteroylglutamic acid (amin- 
opterin), 4-amino-N" methyl pteroylglutamic 
acid (a-methopterin), 4-amino-pteroylaspar- 


tic acid (amino-an-fol), and 4-amino-9 methy] 
pteroylglutamic acid (a-ninopterin). 

Fight patients died within one week after 
therapy was begun and therefore could not 
be considered as having received an ade- 
quate trial of the drugs. Of the remaining 
32 cases, 27 were in adults and 5 in children. 

Of the 32 cases given an adequate thera- 
peutic trial, 10 developed a remission lasting 
for at least two months and continuing inter- 
mittently up to thirteen months. The 
authors’ criteria of a remission were as fol- 
lows: (a) subjective symptomatic improve- 
ment; (b) objective clinical improvement as 
measured by a decrease in the size of lymph 
nodes, spleen, and liver and loss of hemor- 
rhagic tendency; (c) hematologic improve- 
ment as evidenced by an increase in the red 
cell count, return of leucocyte and differ- 
ential counts to relatively normal values, a 
definite increase in blood platelets if low, 
and an improvement in the marrow picture; 
and (d) continuous improvement for at least 
two months. 

A higher incidence of remissions occurred 
in the relatively slowly developing or sub- 
acute cases than in the fulminating cases. 
The most favorable results occurred in those 
patients under the age of 15 vears. No dif- 
ference in response was observed between 
the ‘‘leukemic”’ and the ‘‘aleukemic”’ 


Cases. 
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The authors further classified their cases 
and remissions with respect to the type of 
proliferating cell involved, admitting that 
this was a somewhat arbitrary classification. 
The best therapeutic results were obtained 
in the lymphoblastic cases. None of the 4 
cases of monocytic leukemia responded to 
treatment. 

M. 8. Sacks, G. T. Bradford, and E. B. 
Schoenbach (Ann. Int. Med. 32, 80 (1950)) 
have presented detailed studies on 14 pa- 
tients with acute leukemia treated with 
aminopterin and a-methopterin. In their 
series there were 6 children and 8 adults. 
Responses to therapy were classified in the 
following groups: (a) complete temporary 
clinical and hematologic remission; (b) par- 
tial temporary remission; (c) no response. 
Two patients were considered to have un- 
dergone complete temporary clinical and 
hematologic remissions. Partial temporary 
remissions were observed in 3 patients. The 
course of the disease in 9 patients was con- 
sidered to have been uninfluenced by this 
therapy. 

Somewhat discouraging results were en- 
countered by L. M. Meyer and co-workers 
(Am. J. Clin. Path. 19, 119 (1949)) who 
treated 37 patients, with acute leukemia, 
with aminopterin. Only 4 patients were 
clinically and hematologically improved. 
On the other hand, more encouraging re- 
sults were obtained by J. V. Dacie, E. 
Dresner, D. L. Mollin, and J. C. White 
(Brit. Med. J.1, 1447 (1950)). 

Dacie et al. treated 13 cases of acute and 
subacute leukemia with aminopterin. Clin- 
ical and hematologic remissions were ob- 
tained in all of 7 children treated, and in 2 
of 6 adults. In those cases which responded, 
there was a clinical return to normality and 
the peripheral blood was rendered normal, or 
almost normal, for varying periods. Al- 
though striking improvements were obtained 
in the bone marrows, leukemic cells were 
never completely eradicated from them. 

S. Farber (Blood 4, 160 (1949)) in sum- 
marizing his rather extensive experience 


with aminopterin, a-methopterin, or amino- 
an-fol in approximately 60 children with 
acute leukemia treated for a period of three 
weeks or longer stated: ‘‘. . . somewhat more 
than 50 per cent showed improvement 
clinically, hematologically of important de- 
gree attributable to the action of these com- 
pounds.” This report represents one of the 
most optimistic of the use of these com- 
pounds in the treatment of acute leukemia. 

Toxic effects of the antagonists have been 
noted frequently by all of the above workers. 
The first symptoms of reactions generally 
observed were sore mouth and throat, ano- 
rexia, and nausea; less frequently, vomiting 
and epigastric discomfort have been ob- 
served. Generally, stomatitis and pharyn- 
gitis follow and if administration of the 
drug is continued, these reactions usually 
progress to ulcerations of the buccal mucosa 
and petechiae of the hard palate. 

Diarrhea, with or without intestinal hem- 
orrhages, may occur and toxic manifesta- 
tions, so severe that death by gastrointes- 
tinal hemorrhage results, have been reported. 
Alopecia of varying degree has been noted 
in patients who have been taking the drug 
regularly for one to two months. Severe 
leukopenia, anemia, and thrombocytopenia 
and finally bone marrow hypoplasia and 
death, generally from hemorrhage, occur in 
those patients in whom administration of 
the drug is continued. 

As stated by Dameshek et al. (loc. cit.), 
in the evaluation of any new therapy for a 
disease one must know~-the natural history 
of the disease without therapy as well as its 
course when other therapeutic agents are 
used. 

At a conference on folacin antagonists 
held in Boston in January 1949, several 
hematologists gave their impressions regard- 
ing the occurrence of spontaneous remissions 
in acute leukemia. 

L. K. Diamond stated that of 300 children 
with acute leukemia, about 10 per cent ex- 
perienced either complete or partial spon- 
taneous remissions, and in almost 75 per 
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cent of these there was a history of anteced- 
ent infection. These remissions averaged 
slightly less than ten weeks in duration. 

W. W. Zuelzer stated that almost 20 per 
cent of 60 children experienced remissions. 
Almost all clinicians were in agreement that 
spontaneous remissions were considerably 
less frequent in adults than in children. 

N. Rosenthal reported that of approxi- 
mately 2000 cases of leukemia in adults 
which he had observed, only six spontaneous 
remissions occurred. 

As illustrated by the above brief and in- 
complete review, a sufficiently large number 
of patients with acute leukemia has been 
treated with folacin antagonists to allow 
certain conclusions to be drawn. These con- 
clusions may be stated as follows: 

(1) In a certain proportion of patients a 
partial, temporary remission follows admin- 
istration of an antagonist. (2) These re- 
missions are more frequent in occurrence, 
more complete in degree, and of longer 
duration than could be accounted for by 
the natural course of the disease. (3) Better 


DIAGNOSTIC PARTICLES IN 


The study of breast cancer in mice will 
probably remain one of the illustrative 
stories of the beginning of our understanding 
of certain types of cancer. In 1911 J. A. 
Murray (Scient. Rep. Invest. Imperial Cancer 
Res. Fund 4, 114 (1911)) showed, experi- 
mentally, the importance of ancestry in 
breast cancer in mice. As knowledge of 
genetics developed, however, puzzling fea- 
tures in the hereditary transmission of this 
condition became apparent. 

“High cancer” and ‘low cancer” strains 
were developed, and predominance of the 
maternal influence in crosses between ‘‘high”’ 
and “low” “breast-cancer strains’? was 
demonstrated, but the non-Mendelian dis- 
tribution of the tumors in the offspring led 
to attribution of this heredity to ‘‘extra- 
chromosomal”’ factors. Clarification of this 
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results are obtained in children than in 
adults. (4) Cures of the disease have not 
been obtained. 

Admittedly, these results are far from the 
ideal. Whether the duration of life in pa- 
tients so treated is extended is as yet un- 
known. However, until the advent of the 
folacin antagonists no therapy which would 
in any way even so much as alter tempo- 
rarily the progressive course of this invari- 
ably fatal disease was known. It is encourag- 
ing at least to learn that one small inroad 
has been made. 

The main limitation to the use of the an- 
tagonists is the severe undesirable toxicity 
which results when adequate therapy is 
given. The discovery by H. E. Sauberlich 
(Arch. Biochem. 24, 224 (1949); Nutrition 
Reviews 8, 282 (1950); 9, 12, 24 (1951)) 
that the Leuconostoc citrovorum factor is 
capable of reversing the effects of aminop- 
terin, and the identification and synthesis 
of this factor (J. A. Brockman et al., J. Am. 
Chem. Soc. 72, 4325 (1950)) may modify 
this limitation considerably. 


BREAST CANCER OF MICE 


point was obtained when J. J. Bittner 
(Science 84, 162 (1936)) showed that the 
“extrachromosomal”’ factor was conveyed 
by the milk of high cancer-strain female 
mice. He called the transmitted factor 
‘“‘milk factor’ and postulated that in study- 
ing the origin of breast cancer three factors 
had to be considered: a properly genetic 
susceptibility, transmitted as a dominant 
Mendelian character; a hormonal stimula- 
tion (corresponding to the demonstrated in- 
fluence of sex hormones, estrone in particu- 
lar, in the development of breast tumors); 
and the milk factor. It was further demon- 
strated that the latter was present not only 
in the milk of “high breast-tumor’’ animals 
during the entire period of lactation, but 
also in their tissues, so that it would be trans- 
mitted by injections of extracts of such 
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tissues ([bid. 938, 527 (1941)). It was a re- 
markably stable substance, surviving desic- 
cation and prolonged subsequent storage of 
tumor tissue, it could filter through Seitz 
filters, and had the properties of a high 
molecular weight protein. 

Taking advantage of the electron micro- 
scopic technics, developed in W. T. Ast- 
bury’s laboratory, which have contributed 
so much to the understanding of the struc- 
ture of large molecules, R. D. Passey, L. 
Dmochowski, R. Reed, and Astbury (Bio- 
chim. et biophys. acta 4, 391 (1950)) suc- 
ceeded in photographing, measuring, and 
counting what may be the characteristic 
particles of breast cancer of mice. 

Electron micrographs were prepared from 
extracts of both normal and malignant tis- 
sues of three high breast-cancer strains, and 
from extracts of similar tissues and induced 
tumors of low breast-cancer strains. It be- 
‘ame immediately apparent that while the 
former presented large numbers of approxi- 
mately spherical particles of diameters 
ranging from 200 to 1200 A, with the ma- 
jority comprised between 200 and 300 A, 
the tissues from low breast-cancer strains 
did not show these particles. Repeated 
electron micrography after ultracentrifuga- 
tion of extracts from high breast-cancer 
strain tumors showed that these particles 
were completely sedimented in two hours 
at a speed corresponding to a hundred and 
twenty thousand times gravity. Further 
experiments are being made to ascertain 
the dimensions of the particles. 
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Passey and co-workers confirmed that 
desiccation of the tissues did not affect the 
presence or the appearance of the particles. 
Even more remarkable was the fact that 
addition of trypsin improved the clearness 
of the preparation without affecting the 
number or the appearance of the particles. 
This observation can be correlated with the 
fact that trypsin has been employed to 
purify plant viruses (F. C. Bawden and N. 
W. Pirie, Brit. J. Exp. Path. 27, 81 (1946)) 
and that trypsin in active medium stimu- 
lates formation of Rous chicken tumor (S. 
L. Baker and J. MelIntosh, Jbid. 8, 257 
(1927)). 

Biologic tests are now being conducted 
to determine the mode of action of these 
particles and to differentiate between par- 
ticles of different sizes. It seems reasonable 
to assume already that the large particles 
(up to 1200 A) may arise from the smaller 
particles (200 to 300 A) by combination with 
cell components. The action of trypsin could 
then be interpreted as liberating the specific 
particles. 

The authors are properly conservative in 
concluding from their data that while it is 
legitimate to state already that the tumor- 
inducing activity is definitely associated 
with suspensions containing these particles, 
the evidence is not complete enough to be 
able to state that these particles are the 
tumor-inducing factor. Biologists and clini- 
cians will await with interest the develop- 
ments of this promising new line of cancer 
research. 


“DRY” REACTIONS BETWEEN PROTEINS AND SUGARS 


Until recently it had been generally as- 
sumed that if oxygen, water, light, and 
microorganisms were prevented from acting 
on stored foodstuffs their nutritional value 
would be retained. At most, it was believed 
that the content of certain vitamins particu- 
larly sensitive to various physical and chem- 
ical agents (ascorbic acid, for instance) 


might be lowered. An interesting series of 
articles reporting careful experimental work 
on the reactions between proteins and re- 
ducing sugars in the “dry” state now comes 
to challenge this assumption and indicates 
possible lowering of the biologic value of 
proteins during ‘‘dry” storage of foodstuffs. 

The initial observation which prompted 
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systematic study of this problem was the 
demonstration by K. M. Henry, 8. K. Kon, 
C. H. Lea, and J. C. White (J. Dairy Res. 
15, 292 (1948)) that skim milk powder, de- 
teriorating ‘“‘spontaneously,’’ decreased in 
biologic value as time went on. This im- 
paired biologic value seemed to be caused 
by a reduction in the availability of the ly- 
sine of casein and other milk proteins. 
Reasoning that probably a reaction between 
the free aldehyde (reducing) group of lactose 
and the free terminal amino groups of the 
protein was involved, Lea and R. 8. Han- 
nan (Biochim. et biophys. acta 3, 313 (1949)) 
studied the reactions of glucose and casein, 
which account for 80 per cent of the protein 
of cow’s milk. 

The first experiments Lea and Hannan 
‘arried out were designed to give information 
on the influence of humidity, hydrogen ion 
concentration, and temperature on the veloc- 
ity of the reaction in order to establish 
optimal conditions for a thorough study of 
the phenomenon. The criterion of evolution 
of the reaction was the rate of change of free 
amino nitrogen carried out by the mano- 
metric method of Van Slyke, modified by 
H. T. Clarke (J. Biol. Chem. 97, 235 (1932)). 

The rate of the reaction was maximum 
when the relative humidity was 65 to 70 
per cent, falling away to low values at very 
high and very low humidities. This relation- 
ship held at three temperatures: 37, 70, and 
90°C. The effect of decreased hydrogen ion 
concentration was to decrease the rate of 
reaction between pH 3 and pH 10. At con- 
stant humidity, the rate of reaction in- 
creased with the temperature between 0 and 
90°C., with the reaction rate being multi- 
plied by a factor of five to six for every 10 
per cent of elevation of temperature. In all 
‘ases, a decrease in the number of free amino 
groups was observed to coincide with the 
development of a color (‘‘browning’’). 

In a second publication (C. H. Lea and 
R. S. Hannan, Biochim. et biophys. acta 4, 
518 (1950)), a more detailed analysis of the 
chemical reactions involved was reported. 
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In particular, a study was made of the in- 
fluence of the relative initial concentration 
of casein and glucose as well as of the nature 
of the reaction products. 

At 70 per cent relative humidity, the rate 
and extent of the reaction approached a 
maximum when three equivalents of glucose 
were present per amino group of the casein, 
this quantity corresponding to that required 
to provide a unimolecular layer on the sur- 
face of the protein. Utilization of supple- 
mentary methods to differentiate between 
amino groups affected made it possible to 
show that both the terminal groups of ly- 
sine and certain other (bound) amino groups 
were affected by the reaction with glucose. 

Following the rate of disappearance and 
fate of the glucose by various methods, en- 
zymatic in particular, similarly gave useful 
indications. At a relative humidity of 20 per 
cent, and in the earliest stages at 70 per 
cent, all the glucose which had disappeared 
could be accounted for by combination with 
free amino groups; on the other hand, as the 
reaction proceeded at a relative humidity 
of 70 per cent, more glucose disappeared 
than could be accounted for by the parallel 
disappearance of free amino groups, and 
therefore it felt that bound amino 
groups had to be involved. The carbohy- 
drate combined with the protein molecule 


was 


with loss of 1 molecule of water per glucose 
molecule. 

The problem of the nature of the bond 
between casein and glucose was investigated 
by hydrolysis methods. Both and 
alkalies failed to regenerate any glucose (or 


acids 


fructose) from the casein-glucose complex, 
although other reducing substances, includ- 
ing furfural, were liberated by the acid. 
These results were extended to the reaction 
with casein of other carbohydrates (V. M. 
Lewis and C. H. Lea, Biochim. et biophys. 
acta 4, 532 (1950)). 

Xylose, arabinose, galacturonic acid, lac- 
tose, maltose, glucuronic acid, and fructose 
were investigated and compared to glucose. 
So far as the rate of disappearance of the 
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free amino nitrogen was concerned, xylose 
and arabinose reacted most rapidly, followed 
by glucose, galacturonic acid, lactose, mal- 
tose, and glucuronic acid. Fructose reacted 
extremely slowly. On the other hand, 
“browning”? was most rapid with glucuronic 
acid, followed by the pentoses, galacturonic 
acid and glucose; lactose, maltose, and fruc- 
tose gave rise to no ‘‘browning” whatsoever, 
a differential effect indicative of the com- 
plexity of the reactions involved. 

The next step was an attempt to charac- 
terize the reactive groups in the protein 
molecule (C. H. Lea and R. 8. Hannan, 
Biochim. et biophys. acta 5, 433 (1950)). A 
combination of hydrolyses and specific rea- 
gents for the various amino acids and protein 
groups was used. Experimental conditions 
involved storage of the casein-glucose mix- 
ture in a proportion of four equivalents of 
glucose for one of casein (calculated on the 
basis of amino nitrogen). The temperature 
of storage was 37°C., the relative humidity 
70 per cent. A nitrogen atmosphere was used 
to exclude oxidation. 

After five days the mixture, originally a 
glistening white color, had become a pale 
cream color; free amino nitrogen was still 
abundant, but two-thirds of the lysine had 
disappeared. Other amino acids appeared 
to be affected very little. After thirty days 
the preparation had turned light brown and 
was now in part insoluble over a large range 
of pH. Free amino nitrogen had disappeared 
for the most part. 

At this stage 90 per cent of the lysine had 
disappeared and losses of other amino acids 
were now considerable. In particular, 70 per 
cent of the arginine, 50 per cent of the 
methionine, and 30 per cent of the histidine 
and tyrosine had disappeared. The combined 
methionine and part of the combined lysine, 
however, could be recovered by acid hy- 
drolysis. Similarly, most of the tyrosine could 
be freed from sugar combination and recov- 
ered by alkaline hydrolysis. On the other 
hand, none of the arginine or histidine could 
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be recovered by either method of hydrolysis. 
Tryptophan, cystine, glutamic acid, phenyl- 
alanine, total acidic, total basic, or amide 
groups were unaffected by reaction with 
glucose. 

When the reaction was prolonged to last 
one hundred and sixty-four days an insol- 
uble, dark brown granular preparation was 
obtained. Most of the sugar which had re- 
mained free during the first thirty days had 
disappeared, with half of it attached to the 
casein, the rest being converted into other 
dialyzable substances. 

The mechanism of the reactions involving 
groups other than the terminal groups of 
lysine is still not clear. Lea and Hannan 
suggest that perhaps the demonstration by 
H. Fraenkel-Conrat and H. 8S. Oleott (/. 
Am. Chem. Soc. 70, 2673 (1948); J. Biol. 
Chem. 174, 827 (1948)) that formaldehyde 
combines with free amino groups to give 
amino methyl groups which then cross link 
by reaction with amide groups or with ar- 
ginine, histidine, tyrosine, or tryptophan 
could give an interpretation of the results 
obtained with glucose. This formation of 
crosslinkages would, in particular, explain 
the decreased solubility occurring as the 
reaction progresses. The fact that the 
amount of glucose attached to the protein 
can become much greater than that required 
for a 1:1 reaction with the free amino groups 
alone would still have to be explained. 

Whatever the mechanism involved in this 
reaction, the fact that it is accompanied by 
a decreased biologic value has been demon- 
strated by K. M. Henry and 8. K. Kon 
(Biochim. et biophys. acta 5, 455 (1950)). 
For example, using growth of the young rat 
as the criterion, Henry and Kon found that 
after only five days, the biologic value of a 
sample of casein-glucose mixture stored 
under conditions similar to those described 
above, had decreased by approximately 25 
per cent. During that interval true digesti- 
bility and protein efficiency had been simi- 
larly affected. After thirty days the biologic 
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value had decreased by 50 per cent, true 
digestibility by 10 per cent, and protein 
efficiency by 80 per cent. 

It seems unnecessary to dwell at great 
length on the obvious importance of these 
findings to the problem of food conservation. 
It should be kept in mind that even in the 
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“dry” state, reactions occur between pro- 
teins and sugars which decrease the bio- 
logic value of the proteins. That the dem- 
onstration was obtained with casein as the 
protein makes it all the more imperative to 
exercise proper care and checks in the stor- 
age of milk powder or dry skim milk. 


FLUORIDES AND EXPERIMENTAL TOOTH DECAY 


The steadily growing movement among 
communities in the United States to add 
fluorides to their communal water supplies 
has prompted F. A. Bull, T. A. Hardgrove, 
and J. G. Frisch (J. Am. Dent. Assn. 42, 
29 (1951)) to describe a variety of the ex- 
periences which have been encountered in 
the state of Wisconsin in the actual process 
of fluoridation during the past five years. 

These investigators point out that several 
factors must enter into the decision as to 
what chemical and what apparatus should 
be used for this process; namely, the cost of 
the chemical itself, the availability of skilled 
supervisional personnel, the number of 
installations required, the ease and safety 
of handling, and the amount of maintenance 
required in adding fluorides. 

In 1945, at the time when fluoridation was 
begun in Wisconsin, the use of a dry chemical 
feeder which would introduce known 
amounts of sodium fluoride into the water 
supply was considered to be the simplest 
and most practical method. Later it was 
found that dry sodium fluoride was not 
the chemical agent of choice in Wisconsin. 

In the ensuing period, a number of com- 
munities in Wisconsin have pioneered in the 
feeding of solutions of hydrofluosilicie acid, 
hydrofluoric acid, and sodium silicofluoride, 
as well as sodium fluoride. In large and me- 
dium sized cities with competent engineer- 
ing staffs available on a twenty-four-hour 
basis, it was found that no special equipment 
was needed for water fluoridation other than 
that already available for feeding in such 


substances as alum, lime, carbon, and chlo- 
rine. However, in small communities where 
the process had to be an almost automatic 
one without interval inspection, different 
types of apparatus had to be employed. 
Under the latter circumstances, the use of 
solids which would cake when exposed to 
moisture was found to be much less satis- 
factory than the use of solutions. 

The number of installations was deter- 
mined by the source of water. Where the 
water was obtained from only one source, a 
single installation was adequate; where there 
were several wells, or several ground water 
sources with no provision for pooling before 
distribution, each location had to have its 
own fluoridation setup. In small communities 
where no equipment was available for the 
addition of any solid or fluid to the drinking 
water supply, several types of standard 
mechanical equipment were readily avail- 
able. The cost of this equipment varied from 
$500 in small communities to several thou- 
sand dollars in large cities. The cost of water 
fluoridation varied from 4 to 5 cents per 
‘apita annually where sodium silicofluoride 
was the fluoridating agent, and from 10 to 
14 cents per capita where sodium fluoride 
was used. 

In the state of Wisconsin, the Board of 
Health requires a daily test of the fluoride 
content of the water by the local water 
department; in addition, during the first 
six weeks that fluoridation is in progress, a 
weekly sample is sent to the State Labora- 
tory of Hygiene for analysis of the fluoride 
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content. Following this, a monthly water 
sample must be forwarded to the State 
Board of Health for fluoride analysis. A daily 
test must be continued locally. 

A rather simple procedure for fluoride 
determination is recommended using the 
Taylor Water Comparator. In this appara- 
tus, a measured sample of water and the 
testing solution are thoroughly mixed, al- 
lowed to stand for one hour, and matched 
against the color of permanently sealed 
standards which are a part of the instrument. 
It was stated that this simple colorimetric 
test could be taught with a sufficient degree 
of accuracy to anyone of average intelligence 
in a short time. 

The question arises as to how effective 
such fluorine compounds as hydrofluosilicic 
acid, hydrofluoric acid, and sodium silico- 
fluoride will be in the artificial treatment of 
public water supplies as a method for im- 
proving the caries resistance of teeth. This 
question is even more pertinent in cases 
where either hydrofluosilicic acid or hydro- 
fluoric acid is added to waters with a high 
‘ralcium content. 

At present only artificial addition of 
sodium fluoride has been reported to result 
in reduction in the incidence of tooth decay 
(Nutrition Reviews 9, 21 (1951)). From a 
variety of in vitro tests, it is known that 
various fluoride compounds have differing 
abilities to alter the solubility of enamel 
(J. C. Muhler and G. Van Huysen, J. Dent. 
Res. 26, 119 (1947); R. S. Manly and B. G. 
Bibby, /bid. 28, 160 (1949)). Likewise, there 
are data in regard to tooth decay in experi- 
mental animals which indicate that fluoride 
compounds have different potentialities with 
respect to protection against tooth decay. 

In an experiment with hamsters, P. H. 
Keyes and K. L. Shourie (J. Dent. Res. 28, 
138 (1949)) studied the comparative ef- 
fectiveness of the posteruptive administra- 
tion of sodium fluoride, calcium fluoride, and 
sodium fluorosilicate on the incidence of 
tooth decay. One hundred and two hamsters 
were used for this purpose. Each compound 
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was supplied in the cariogenic ration in suffi- 
cient amount to provide levels of 50 parts 
per million of fluorine. In an additional 
group, sodium fluoride was administered sub- 
cutaneously in an amount equivalent to that 
consumed in the ration; in still another 
group, the sodium fluoride was administered 
in the drinking water in an amount equiva- 
lent to that taken in the ration. 

The experiment was begun when the ham- 
sters were 30 to 40 days old and continued 
for eighty-three days for the males and one 
hundred and six days for the females. Con- 
sumption of these amounts of sodium fluo- 
ride in the drinking water and in the diet 
resulted in an almost complete prevention 
of tooth decay in both male and female 
hamsters. Subcutaneous injection of a simi- 
lar amount of sodium fluoride was only 
about one-half as effective. Administration 
of calcium fluoride in the ration was com- 
pletely ineffective, while ingestion of sodium 
fluorosilicate was intermediate in its ability 
to protect against tooth decay after the 
teeth were fully formed. 

In view of their data, Keyes and Shourie 
suggested that insofar as posteruptive ef- 
fects of fluorides were concerned, the biologic 
effects of natural food fluorides might be 
considered to be related to the digestibility 
of food, the solubility of the fluoride com- 
pound, and the proximity and quantity of 
calcium compounds in the diet. 

To test whether stannous fluoride, stan- 
nous chloride, and sodium fluoride had 
similar caries-inhibiting properties in experi- 
mental animals, J. C. Muhler and H. G. 
Day (J. Am. Dent. Assn. 41, 528 (1950)) 
compared the effects of these three com- 
pounds in an experiment in which 448 
weanling rats were the subjects. Thus, as in 
the hamster experiment above, the effects 
investigated were almost entirely posterup- 
tive. The diet used was a slight modification 
of the original Hoppert-Webber-Canniff 


coarse particle diet (Science 74, 77 (1931)). 
Thus the type of carious lesion under in- 
vestigation was the type initiated by pre- 
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liminary fracture of the enamel surfaces due 
to mastication of the coarse particles. 

The experimental animals were divided 
into six groups, approximately equal with 
respect to sex and hereditary background. 
Five groups were given distilled water sup- 
plemented as follows: (1) 10 p.p.m. of 
fluorine and 31 p.p.m. of tin as stannous 
fluoride; (2) 2 p.p.m. of fluorine and 6 p.p.m. 
of tin as stannous fluoride; (3) 10 p.p.m. 
of tin as stannous chloride; (4) 2 p.p.m. of 
tin as stannous chloride; and (5) 10 p.p.m. 
of fluorine as sodium fluoride. The sixth was 
a control group which received distilled 
water without any supplement. The rats 
were maintained on these regimens for a 
hundred and forty days and were then killed. 
The number and size of carious lesions were 
recorded. 

The size of lesions was tabulated as: 1, 2, 
or 3—(1) the smallest that could be detected; 
(2) large enough to be easily detected; and 
(3) a destruction of a fissure or a cusp with 
extensive cavity formation. On the basis of 
the size of the lesions, the control animals 
had number 3 lesions predominantly, the 
rats which had received sodium fluoride and 
stannous chloride had size 2 lesions mainly, 
and the rats which had had supplements of 
stannous fluoride had more size 1 lesions 
than numbers 2 and 3. 

On the basis of the number of carious 
areas, the control rats had an average of 
about 8.0 lesions. Sodium fluoride at a level 
of 10 p.p.m. of fluorine resulted in a reduc- 
tion of about 20 per cent, which was of 
borderline significance. Additions of stan- 
nous chloride at either level did not cause 
any significant reduction in tooth decay, 
although there was a tendency toward a 
slight reduction. Addition of stannous fluo- 
ride at a level of 2 p.p.m. of fluorine caused 
a reduction in tooth decay, slightly in ex- 
cess of the reduction caused by the sodium 
fluoride supplement. Ingestion of stannous 
fluoride at a level of 10 p.p.m. of fluorine 
resulted in caries reductions which were in 
the neighborhood of 45 per cent and which 
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were highly significant. Hence, they con- 
cluded that the stannous ion when given 
simultaneously with the fluoride ion resulted 
in an augmentation of the fluoride effect. 
Secondly, the investigators concluded that 
the stannous ion without the concurrent 
presence of the fluoride ion was of no avail 
in altering the initiation and progress of 
tooth decay. 

However, attention should be drawn to 
the fact that the groups which received the 
high and low stannous chloride additions 
were ingesting only one-third as much tin as 
those rats receiving the high and low stan- 
nous fluoride supplements, respectively. In 
any case, the response of “coarse particle 
caries” in rats to stannous fluoride ingestion 
closely paralleled the results observed in in 
vitro experiments on the solubility of enamel. 

A third experiment in which the effect of 
sodium monofluorophosphate and sodium 
fluoride on tooth decay were compared in 
hamsters has been reported by K. L. Shourie, 
J. W. Hein, and H. C. Hodge (J. Dent. Res. 
29, 529 (1950)). The monofluorophosphate 
does not yield fluoride ions in aqueous solu- 
tion. However, when given in the drinking 
water at a level adequate to supply 40 p.p.m 
of fluorine, sodium monofluorophosphate 
‘vaused a reduction of tooth decay approxi- 
mately equal to that 
fluoride supplying 40 p.p.m. of fluorine. 


‘raused by sodium 


Again this experiment was based on post- 
developmental influences upon the teeth. A 
series of toxicity studies were made which 
indicated that on the basis of the fluoride 
content, the monofluorophosphate was two 
and a half to three times less toxic than the 
free ionic form. 

Neither the hamster nor the rat experi- 
ment was intended to answer the question 
of the relative effectiveness of various fluo- 
ride compounds when fed during periods of 
tooth development. If the pathways for 
utilization of the fluoride ion are reasonably 
similar at the two different stages of tooth 
life, there is a real possibility that the avail- 
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ability of the ion from different compounds 
may also influence materially the effective- 
ness of these compounds when administered 
during tooth development. 

These experimental data should be con- 
sidered by public health administrators and 
by groups of dental practitioners responsible 
for the selection of the fluoride compound 


STABILITY OF CAROTENE IN 


Alfalfa meal, because of its carotene con- 
tent, is used widely as a source of vitamin 
A in mixed feeds for farm animals. Con- 
siderable carotene destruction occurs during 
storage, however (Nutrition Reviews 1, 153 
(1943); 5, 223 (1947)), and any practical 
method of stabilizing the carotene would be 
of great importance. To minimize the de- 
struction of carotene, the alfalfa meal in- 
dustry has usually practiced one of two 
methods: (1) storage of the meal under 
refrigeration; or (2) storage in airtight con- 
tainers. 

Several investigators have demonstrated 
that retention of carotene in air-dry alfalfa 
meal stored in airtight containers can be 
improved by increasing the moisture to 12 
or 18 per cent (E. J. Hoffman, F. G. Lum, 
and A. L. Pitman, J. Agr. Res. 71, 361 
(1945); H. L. Mitchell and H. H. King, 
J. Biol. Chem. 166, 477 (1946); and A. W. 
Halverson and E. B. Hart, J. Dairy Sei. 
30, 245 (1947)). It is believed that this proc- 
ess of preservation is accomplished by in- 
creasing the respiratory enzyme action 
within the meal, which in turn consumes 
the available oxygen supply and thus pre- 
vents oxidative destruction of carotene. 

One objection to the use of moisture 
contents above 15 per cent is that the meals 
tend to lose their bright green color. G. F. 
Bailey, M. E. Atkins, and E. M. Bickoff 
(Ind. Eng. Chem. 41, 2033 (1949)) noted 
further that once the airtight container is 
opened, meals containing 12 to 15 per cent 


to be used for the treatment of communal 
water supplies. On the basis of present 
knowledge, it would seem that use of any 
compound other than sodium fluoride for 
this purpose should be considered experi- 
mental until demonstration of the availabil- 
ity of the fluorine in that compound has been 
made in satisfactory human experiments. 


DEHYDRATED ALFALFA MEAL 


moisture lose their carotene more rapidly 
than meals containing 8 per cent moisture. 

C. R. Thompson of the Western Regional 
Research Laboratory in Albany, California, 
(Ind. Eng. Chem. 42, 922 (1950)) explored 
the possibility of using antioxidants for 
preservation of carotene in alfalfa meal. A 
few early studies had indicated the possible 
use of antioxidants, thus R. E. Silker, W. G. 
Schrenk, and H. H. King (/bid. 36, 831 
(1944)) had noted that diphenylamine, 
thiourea, hydroquinone, and sodium cyanide 
inhibited the destruction of carotene at 3°C.., 
and R. C. Mills and E. B. Hart (J. Dairy 
Sci. 28, 1 (1945)) found diphenylamine to 
be effective at room temperature. 

Thompson (loc. cit.) tested fifty-four dif- 
ferent compounds for their ability to prevent 
oxidative destruction of carotene in alfalfa 
meal. Among the compounds tested were 
substituted phenylenediamines, amines, 
aminophenols, hydroquinones, sulfur com- 
pounds, and derivatives of 2,2 ,4-trimethyl- 
1 ,2-dihydroquinoline. 

The compounds were applied to the alfalfa 
meal at several concentrations and in several 
different solvent carriers. The method of 
incorporating the antioxidants consisted of 
spraying measured quantities on 200 g. 
samples of alfalfa meal while the latter were 
being tumbled in a rotary mixer. After 
spraying, the meal was mixed for one minute, 
and 2 g. samples were then stored in open 
containers at 65°C. for periods of seven and 
fourteen days. Unsprayed control samples 
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were stored in the same manner. A single 
lot of alfalfa meal, containing 200 parts per 
million of carotene, was used for all the 
tests. 

In general, the disubstituted phenylenedi- 
amines, disubstituted hydroquinones, and 
the derivatives of 2,2,4-trimethyl-1 ,2-hy- 
droquinoline were the most effective anti- 
oxidants. These compounds caused a reten- 
tion of approximately 60 per cent of the 
carotene after fourteen days of storage, com- 
pared to a retention of only about 25 per 
cent in the control samples. 

Compounds used for stabilizing lard, such 
as nordihydroguaiaretic acid, ethyl gallate, 
and lauryl gallate, were low in activity. 

The most promising compound tested was 
2 ,5-di-tert-butylhydroquinone, which was 
stated to be inexpensive and commercially 
available in large quantity. This compound 
was most effective when applied at a level 
of 0.125 per cent. 

In general, alcohols (ethanol, butanol, 
propanol) were better carriers than cello- 
solve (ethylene glycol monoethyl ether), and 
mixtures of vegetable oils and acetone were 
somewhat better than the alcohols. 

Metal ions, such as iron and copper, are 
known to catalyze the oxidation of hydro- 
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carbons, and since alfalfa contains appreci- 
able quantities of these metals, compounds 
were tested that are known to deactivate 
these metal ions. Metal deactivators, such 
as benzidine or anthranilic acid failed to 
increase the stabilizing action of the effective 
antioxidants, so it was concluded that metal 
ions are probably not active as catalysts in 
the oxidative destruction of carotene in al- 
falfa meal. 

The detailed studies by Thompson indi- 
cate that antioxidants may be found that 
will have a use in the preservation of caro- 
tene in feeds for farm animals. Whether the 
use of antioxidants can be a practical method 
of preservation will depend upon a number of 
factors, such as the relative cost of applica- 
tion, influence on color of the meal, and of 
course the toxicity of the antioxidant. Some 
of the compounds tested by Thompson had 
to be abandoned either because they dis- 
colored the meal or because they were skin 
irritants. 

Because maintenance of an adequate year- 
round vitamin A supply in the ration of farm 
animals is still a real problem, the use of 
antioxidants as carotene stabilizers in 
hydrated meals should be 
further. 


de- 
investigated 


METABOLISM OF “B VITAMINS” IN NEWBORN INFANTS 


The period immediately following birth 
is one of rapid metabolic change as the in- 
fant adapts to a new environment, metabol- 
ically distinct and apart from that of its 
mother. Hours and perhaps days ensue be- 
fore bacteria invade the intestine and estab- 
lish a role in digestion and synthesis of food 
materials. Relatively little is known of the 
metabolism of certain of the water-soluble 
essential nutrients in the newborn infant. 

An earlier review (Nutrition Reviews 6, 
94 (1948)) pointed out that urinary excretion 
of ascorbic acid, thiamine, riboflavin, niacin, 
pantothenic acid, and biotin proceeds at a 


rapid rate for the first few days after birth 
and then decreases after varying intervals 
to relatively low levels of excretion. 

An attempt has been made to gain further 
information concerning the metabolism of 
certain of the “B vitamins” in the newborn 
infant and to seek evidence of biosynthesis 
of these substances in the intestinal tract 
during the first week of extrauterine life 
(R. F. A. Dean and W. I. M. Holman, 
Arch. Dis. Childhood 25, 292 (1950)). The 
investigations concerned 
flavin, and niacin. 

Five male infants born at term and of 


thiamine, ribo- 
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normal birth weights were selected for study. 
The mothers and infants were, as far as 
could be ascertained, without evidence of 
disease. All but one of the infants were fed 
at the breast. Samples of mother’s milk were 
taken for analysis to provide information 
concerning the intake of each specific 
nutrient. All urine, meconium, and feces 
were collected and the amounts of thiamine, 
riboflavin, and niacin excreted determined 
by standard methods. In assessing excretion 
of niacin the amount of N’-methy!tnicotin- 
amide in urine and in feces, as well as the 
amounts of niacin and its acid-hydrolyzable 
derivatives in urine, were determined. 

In a first experiment the urinary excretion 
of thiamine, N’-methylnicotinamide, and 
riboflavin was determined during the first 
seven days of life. Concentrations of these 
materials in urine tended to be much higher 
on the first three or four days after birth 
than subsequently. Maximum concentra- 
tions were found on the second or third day. 
For example, the thiamine concentration of 
urine in one infant was 0.83 microgram per 
milliliter on the third day and only 0.14 
microgram per milliliter on the seventh day. 
In the same infant 89 micrograms of 
N’-methy!nicotinamide per milliliter of urine 
were excreted on the third day, and 12 
micrograms on the seventh day. 

Another child excreted 0.49 microgram 
per milliliter of riboflavin on the third day 
but only 0.04 microgram on the seventh 
day. There was somewhat more variation 
in the total quantity of these materials 
appearing in the urine daily. However, the 
greatest total excretions occurred when urine 
concentrations were greatest or in the first 
days after birth. 

Thiamine intake of the infants varied 
from 26 to 75 micrograms per day between 
the third and seventh days. During the 
first four days of life more thiamine was 
excreted in urine and feces than was ingested. 
The vitamin was not present in meconium 
passed at birth but did appear in the feces 
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on the second day and tended to increase in 
quantity at the end of the first week. 

Riboflavin was found in the urine and 
meconium at birth, and large quantities of 
the vitamin were present in urine and feces 
on the first days of life. These were reduced 
by the end of the first week and infants were 
in positive riboflavin balance after the 
third or fourth day. 

N’-methylnicotinamide was present in 
large amounts in the meconium and urine 
passed by infants at birth. Rapid rates of 
excretion of this metabolite of niacin per- 
sisted throughout the first week of life and 
there was no evidence that positive balance 
for niacin was achieved during this time. In 
some instances the total quantity of niacin 
excreted was as much as six times the 
amount contained in the milk ingested. At 
all times niacin excretion products in urine 
greatly exceeded those in feces. There was 
a tendency for the quantity of these materi- 
als in feces to decrease during the latter 
part of the first week. 

The observations indicate that during the 
first days of life the newborn infant ex- 
cretes quantities of thiamine, riboflavin, and 
niacin in excess of those ingested in the diet. 
However, by the fourth day the infant is 
retaining ingested thiamine and riboflavin 
and is, therefore, in positive balance for 
these vitamins. This is not true, however, 
for niacin. Excretion of this vitamin and its 
metabolites greatly exceeds the quantities 
ingested. This finding is not readily ex- 
plained. Other evidence. would indicate that 
the stores of niacin in the infant at birth 
are not great (R. F. A. Dean and W. I. M. 
Holman, Nature 161, 439 (1948)). 

Riboflavin and niacin compounds in feces 
were reduced after the first several days. 
Fecal thiamine excretion was not similarly 
decreased. It is assumed that these materials 
in meconium and feces immediately after 
birth are derived from amniotic fluid, des- 
quamated cells, and intestinal secretions. 
Reduction of the fecal content of these vita- 
mins may be taken as evidence of clearing 
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of the intestine of these materials. Because 
reduced fecal excretion rates persist and do 
not increase, it may be reasonably concluded 
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that the three vitamins are not synthesized 
by intestinal bacteria in any appreciable 
quantity within the first week after birth. 


COBALT AND HEMATOPOIESIS 


Cobalt has come to be regarded as a trace 
element of considerable significance in nutri- 
tion. Administration of small amounts of 
this element is known to produce a poly- 
cythemia of striking magnitude, provided 
copper and iron are present at the same time, 
and the condition is stabilized by traces of 
manganese (J. M. Orten, F. A. Underhill, 
E. R. Mugrage, and R. C. Lewis, J. Biol. 
Chem. 96, 11 (1932); 99, 465 (1933)). 

A deficiency of cobalt in the soil is asso- 
ciated in a causative way with endemic 
malnutrition in various parts of the world 
(E. J. Underwood, Science 85, 604 (1937)); 
animals restricted to fodder grown in these 
areas develop slowly, show retarded sexual 
development, are listless, give evidence of 
muscular atrophy, and show a severe micro- 
cytic hypochromic anemia (W. M. Neal and 
C. F. Ahmann, bid. 86, 225 (1937)). Inas- 
much as comparatively small quantities of 
cobalt salts are therapeutically effective, it 
has been of continued interest to determine 
the distribution of the element in the body 
of treated animals. - 

Apparently little, if any, cobalt can be 
detected in the body of a rat unless the metal 
is administered, an observation indicating 
that cobalt is poorly retained (F. J. Stare 
and C. A. Elvehjem, J. Biol. Chem. 99, 473 
(1933)). The organs of sheep on unwhole- 
some pasture have been shown to be poor 
in cobalt, the liver containing 0.02 parts per 
million of dry weight, whereas on good 
fodder the value is 0.12 p.p.m. After drench- 
ing with cobalt chloride, the organs, espe- 
cially the liver and kidneys, showed an 
increased concentration of cobalt (H. O. 
Askew and J. K. Dixon, New Zealand J. 
Sci. Tech. 18, 707 (1937)). Analytical limita- 
tions have precluded a more accurate esti- 


mate of the quantities of cobalt retained in 
the organism after its administration or, 
indeed, of the readiness with which cobalt 
salts are absorbed. 

Using Co**, it was observed that, after 
oral administration, the salt was poorly 
absorbed by steers. There was a rapid dis- 
appearance from the blood after intravenous 
administration, small amounts being re- 
tained in the tissues but the largest part 
being lost in the urine and feces in five days 
(C. L. Comar and G. K. Davis, Arch. Bio- 
chem. 12, 257 (1947)). 

A study has been carried out to deter- 
mine the distribution of cobalt in the blood- 
forming tissues and in the kidneys after a 
polycythemia had been produced by injec- 
tion of cobaltous sulfate (N. I. Berlin, J/. 
Biol. Chem. 187, 41 (1950)). Rats 
given, by intraperitoneal injection, cobaltous 
sulfate, ferric chloride, and a tracer amount 
of Co®, in a solution buffered at pH 5.4 with 
sodium citrate. The liver, spleen, blood, 
kidney, lung, and bone marrow were ex- 
amined for Co*® for three to forty-eight 
hours after a single injection and in another 
group of animals for two to one hundred 
and five days after daily injections. The 
extracts of the ashed tissue were electro- 
plated and assayed with a Geiger-Miiller 
tube. 

After a single injection, Co® appeared in 
the tissues and blood promptly (three hours) 
after injection, but most of it leaves rapidly; 
a small amount persists beyond the forty- 
eight-hour stage when the liver and kidney 
contained 0.4 X 10-° g. per gram of wet 
tissue. With continued injection of cobalt, 
the liver, kidney, and lungs rapidly reach a 
maximum content which endures throughout 
the period of observation (one hundred and 


were 
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five days). The content of the cobalt in the 
bone marrow, spleen, and erythrocytes con- 
tinued to increase slowly as long as the 
injections were made. The suggestion is made 
that the increase of cobalt in the bone mar- 
row may be associated with the replacement 
of fat by hematopoietic tissue known to 
occur in cobalt polycythemia. 

Of further considerable interest in the 
association of cobalt with hematopoiesis is 
the fact that vitamin By contains this 
element (E. L. Rickes and co-workers, 
Science 108, 134 (1948)). In cobalt-deficient 
sheep marked changes in the bacterial flora 
of the gut take place; these changes are not 
associated with food intake nor are they 
prevented by parenteral administration of 
cobalt (L. S. Gall et al., Ibid. 109, 468 
(1949)). An immediate improvement in the 
anorexia and anemia is produced in such 
lambs when cobalt is given by mouth but not 
if it is injected intravenously. Since this 
suggests that cobalt may exert its influence 


IDENTIFICATION OF A NEW FACTOR 


An important new tool has become avail- 
able in the last decade for the investigation 
of metabolic pathways and identification of 
compounds which exist as precursors in the 
biosynthesis of essential nutrients. This has 
been accomplished by experimentally in- 
duced mutation and isolation of strains of 
organisms which lack the ability to utilize 
or further metabolize certain nutrients pro- 
vided in the growth medium. The now classic 
example of this approach is that of irradia- 
tion of the mold, Neurospora, by x-ray or 
ultraviolet light, a procedure which was 
introduced and its potentials widely explored 
by G. W. Beadle and his associates at 
Stanford University (Harvey Lectures, Series 
40, 179 (1944-45); Nutrition Reviews 4, 219 
(1946); 6, 270 (1947); 8, 211 (1950)). 

An ingenious and even simpler device has 
been utilized by B. D. Davis of the United 
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by favoring production of vitamin By, 
large amounts of this factor were g.ven to 
cobalt-deficient lambs; inasmuch as no in- 
crease in body weight or in hemoglobin con- 
centration resulted, it was concluded that 
vitamin By does not appear to be an im- 
portant intermediate in the metabolism of 
cobalt in lambs (D. E. Becker, 8. E. Smith, 
and J. K. Loosli, 7bid. 110, 77 (1949)). 

Of interest in this connection are the ex- 
periments of D. Hendlin and M. L. Ruger 
(Science 111, 541 (1950)) which show that 
Streptomyces griseus on “N.Z.’”’ amine me- 
dium produced more Lactobacillus leich- 
mannii Dorner stimulants and vitamin By 
when traces (1 to 2 p.p.m.) of cobalt were 
present. Twenty parts per million of cobalt 
were toxic. This stimulating effect of cobalt 
was observed with a large number of other 
organisms from the bovine rumen and cow 
manure. The precise functional interrelation- 
ship between cobalt, vitamin By, and hema- 
topoiesis remains to be demonstrated. 


ESSENTIAL FOR BACTERIAL GROWTH 


States Public Health Service Tuberculosis 
Research Laboratory at Cornell University 
Medical College (Proc. Nat. Acad. Sci. 35, 
1 (1949)). This method is based on the fact 
that mutants of bacteria selectively survive 
exposure to penicillin in a minimal medium 
which is inadequate for their nutrition, 
whereas growing bacteria of non-mutant 
strains are sterilized by exposure to penicil- 
lin. Mutants of Escherichia coli are produced 
by exposure of the bacterial culture to ultra- 
violet irradiation and are isolated after 
growth on enriched agar following treatment 
with penicillin. Five to ten distinct mutant 
types are isolated from a typical experiment. 

A mutant of EF. coli has been isolated by 
the penicillin method in which synthesis of 
aromatic compounds is blocked at an early 
stage (B. D. Davis, Nature 166, 1120 (1950)). 
Growth requirements of this mutant, 83-1, 
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are largely but not entirely met by provision 
in the mediums of tyrosine, phenylalanine, 
tryptophan, and para-aminobenzoic acid. 
The amounts of tyrosine, phenylalanine, and 
tryptophan necessary for optimal growth of 
the mutant are comparable to the quantities 
of these amino acids required by other 
strains of the organism with metabolic re- 
quirements for one or the other of the single 
amino acids. However, para-aminobenzoic 
acid even when supplied in double the 
quantity sufficient for optimal growth of a 
mutant blocked specifically in synthesis of 
this compound, and combined with the 
three amino acids, only partially meets the 
nutritional requirements of 83-1. Florid 
growth and a normal growth rate of 83-1 
occur when para-aminobenzoic acid is re- 
placed with another compound containing 
the aromatic ring structure, shikimic acid 
or 2,3,4,5-tetrahydrogallic acid. 

This observation was of interest since the 
same author (Experientia 6, 41 (1950)) had 
found in other experiments that shikimic 
acid is a precursor of each of the aromatic 
compounds required for growth of 83-1. By 
deduction it was postulated that a fifth 
aromatic compound of relatively simple 
structure was involved in the metabolism of 
this mutant, and further that this compound 
was readily synthesized by the organism 
from shikimic acid but was formed at a less 
rapid rate from para-aminobenzoic acid. 

A substance was isolated by paper chroma- 
tography from filtrates of the wild type of 
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E. coli which was distinguishable from 
shikimic acid and para-aminobenzoic acid 
and supported rapid growth of 83-1 when 
combined in the medium with the four other 
aromatic compounds required by the mu- 
tant. This substance was identified as para- 
hydroxybenzoic acid and addition of as 
little as 0.01 microgram per milliliter of 
medium met growth requirements of the 
mutant. 

The potent activity of para-hydroxy- 
benzoic acid motivated the author to propose 
that the substance be considered a bacterial 
vitamin. Pursuing the consideration that 
para-hydroxybenzoic acid is an _ essential 
nutrient for bacteria, an attempt was made 
to obtain substances of related structure 
which would function as antimetabolites 
and, thereby, be effective in chemotherapy. 
Of the substances tested, one, 4,4’ ,-dihy- 
droxydipheny! sulfone, was found to inhibit 
growth of E. coli, an effect which was par- 
tially overcome by addition of para-hy- 
droxybenzoie acid to the medium. 

Important because they designate a new 
factor required in bacterial growth and 
metabolism, these experiments hold even 
greater interest for the investigator in fields 
of nutrition in the tools which they make 
available for identification of intermediates 
in various systems of metabolism. For the 
microbiologist they add a practical and 
direct approach in the search for effective 
new antibiotics. 


HYPOTHALAMIC REGULATION OF ENERGY INTAKE 


That marked obesity follows an injury 
to the hypothalamus has been known for a 
long time. This condition has been observed 
after experimental lesions in the dog, cat, 
monkey and rat; clinically, extreme deposi- 
tion of fat has been associated with a tumor 
or an infectious process involving the region 
of the hypothalamus. When this tissue is 


injured surgically or electrolytically, there 
is an increase in food intake, striking in its 
intensity and promptness. The resultant 
obesity may be evident by gains in body 
weight amounting to as much as 15 per cent 
in the first postoperative day (J. R. Brobeck, 
Physiol. Rev. 26, 541 (1946)). The immediate 
increase in food intake and in body weight 
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induced by this more or less specific lesion 
in the brain suggests problems in nutritional 
biochemistry and in intermediary metabo- 
lism together with the experimental devices 
for investigating them. 

G. C. Kennedy (Proc. Roy. Soc. (London) 
B. 137, 535 (1950)) has published data bear- 
ing on the nature of the disturbance in the 
feeding behavior of rats during the develop- 
ment of the so-called hypothalamic obesity. 
At the outset it was observed that two 
strains of rats differing in their tendency to 
become fat under normal conditions showed 
no difference in the development of obesity 
after injury to the hypothalamus. A regres- 
sion curve was calculated using nose-anus 
length and body weight so that ideal weights, 
and hence degree of obesity, could be esti- 
mated. Care was exercised in the carcass 
analysis to differentiate between actual fat 
and fat-free, moisture-free tissue residue. 
Another device employed to differentiate 
between the intake of gross material and 
actual nutrients was to dilute the stock diet 
with 25, 50, and 75 per cent, respectively, of 
kaolin, and to record the gross food con- 
sumed. 

From the experience gained in making the 
lesions in various localities in the hypothala- 
mus, the most effective areas, with respect 
to the production of obesity, are ventrolat- 
eral to the ventromedial nuclei. The nuclei 
themselves often appear to have suffered 
little direct damage. Regarding the accumu- 
lation of substance, the data indicate that 
in the obese animals neither body water nor 
the dry, lipid-free residue is changed, 
whereas there is great accretion of neutral 
fat. Furthermore, there occurs no consistent 
change in the skeletal length such as would 
be produced by injury to the pituitary. Im- 
mediately after recovery from the anesthetic 
the animals that were operated upon began 
to eat the stock diets voraciously; at the end 
of the first week a permanent state of 
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“hyperphagia” appeared to be established, 
accompanied by obesity. Although few 
obese rats returned to the food intake of the 
normal control animals, there was, after 
some sixty days, a stabilization of consump- 
tion at a somewhat lower level than ob- 
served immediately after the operation, 
which seemed adequate to maintain a steady 
state of obesity under conditions of ad 
libitum feeding. If food was now re- 
stricted, a decrease in body weight followed 
by “hyperphagia” occurred immediately 
when repletion was permitted. 

When hypothalamic obese rats were re- 
stricted to a diet diluted with kaolin to the 
extent of 50 per cent, intake of nutrients fell 
below that of control animals that had not 
been operated upon and the body weight 
decreased; when the stock diet was re- 
stored, intake of nutrients increased greatly 
over that of the control rats and body weight 
returned to the original obese level. In com- 
paring the response (as measured by food 
intake) of normal young and older fat rats 
with that of hypothalamic rats, to the stock 
ration and the diluted stock ration, differ- 
ences in behavior seem less significant. 
There would appear to be a normal, primi- 
tive, unconditioned urge to eat which is 
exhibited by the animal with the hypothala- 
mic lesion. Normally, this urge is kept under 
control by a hypothalamic satiety mecha- 
nism which, in turn, is responsive to the blood 
level of absorbed nutrients. This satiety 
mechanism is particularly effective in the 
young rat, but less so in older animals and 
after operative damage so that the unre- 
stricted flow of nutrients in the blood is 
removed through fat synthesis. The feeding 
habits of naturally fat animals according 
to this analysis differ little from those of 
hypothalamic animals; it is suggested that 
obesity in general is associated with an 
alteration of the normal hypothalamic con- 
trol of energy intake. 
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NOTES 


Nitrates in Drinking Water 


H. H. Comly (J. Am. Med. Assn. 129, 
112 (1945)) suggested that methemoglobin- 
emia in infants may be caused by ingestion 
of water high in nitrates. K. F. Maxey (U.S. 
Armed Forces Med. J. 1, 1007 (1950)) re- 
viewed the literature on this subject. (D. F. 
Metzler, Harvard Pub. Health Alumni Bull. 
7, 8 (1950); Nutrition Reviews 9, 63 (1951)) 
also reviewed this subject.) 

Since 1945, large numbers of cases of met- 
hemoglobinemia in infants have been re- 
ported that were traceable to a_ high 
concentration of nitrate nitrogen in well 
water. In most cases the water came from 
dug rather than drilled wells and in many 
cases pollution was evident. 

With the continued expansion in the use 
of nitrate fertilizers, the chances of pollu- 
tion of shallow well waters with nitrate have 
no doubt increased in recent years. Another 
possible hazard may be created by the dis- 
charge of industrial wastes, particularly 
wastes from plants producing ammonium 
nitrate for use as fertilizer. 

Maxcy points out that tolerance levels 
for nitrate in drinking water have not been 
established. Evidence so far accumulated in- 
dicates that the danger zone begins when a 
concentration of 20 parts per million of ni- 
trate in drinking water is exceeded. Pending 
accumulation of additional data, Maxcy be- 
lieves that health authorities should con- 
sider waters having nitrate contents in excess 
of 10 p.p.m. as unsafe for infant feeding. 

Experimental evidence to date indicates 
that nitrates as such are harmless in human 
metabolism, but become injurious when they 
become reduced and are absorbed into the 
blood stream as nitrites. Methemoglobin- 
emia is a manifestation of nitrite poisoning. 
The extent to which nitrates are reduced to 
nitrites is dependent upon a number of fac- 
tors. It is believed that conditions for such 


reduction are more likely to be found in 
infants than in older individuals. 

Whether a high nitrate content of foods, 
particularly those used for infant feeding, 
should be considered a health hazard has 
been discussed (Nutrition Reviews 8, 230 
(1950)). Although numerous reports have 
appeared to indicate that nitrates in drink- 
ing water are injurious for infants, there is 
no case on record of similar ill effects from 
ingestion of vegetables high in nitrates. Data 
on the nitrate content of vegetables com- 
monly used in infant feeding indicate that 
they may contain as much as two hundred 
times the suggested tolerance level (10 
p.p.m.) in drinking water. 


Determinations of Synthetic Vitamin K 


Vitamin K; (2-methyl-1,4 naphthoqui- 
none or ‘‘menadione”’) is the vitamin 
K-active substance most frequently used in 
experimental nutrition. A lemon yellow sub- 
stance, sparingly soluble in water but read- 
ily soluble in organic solvents, it is often 
dissolved in vegetable oil for dietary use. 
Because vitamin IK is an essential nutrient 
for the chick (Nutrition Reviews 1, 52 (1942)) 
and because it protects cattle against di- 
coumarin, a hemorrhage-producing  sub- 
stance found in spoiled hay (Jbid. 2, 47 
(1944)), it is now routinely added to fortify 
poultry feeds and cattle fodders. Yet analyt- 
ical methods for determination of it have 
been practically nonexistent. Two methods, 
one polarographic, the other colorimetric, 
both evolved at the Netherlands Institute 
of Nutrition, have now been made available. 

The polarographic method (H. Onrust and 
B. Wostmann, Rec. d. trav. chim. de Pays- 
Bas 69, 1207 (1950)) is based on the oxida- 
tion-reduction properties of menadione. A 
calomel electrode is used and the “half- 
wave” potential (practically equal to the 
oxidation-reduction potential) is determined 
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under standardized conditions. The method 
can be made quantitative, and with proper 
extraction procedures appears specific and 
practical within the availability limitations 
of the apparatus. 

The colorimetric method (E. E. van 
Koetsveld, Rec. d. trav. chim. de Pays-Bas 
69, 1217 (1950)) is based on the color evolved 
through coupling with the well-known sugar 
reagent 2-4-dinitrophenylhydrazine. The vit- 
amin K;-containing preparation is first ex- 
tracted with benzene alcohol and the extract 
further purified by chromatography on Flori- 
dine XS column. Colors developed with the 
reagent are compared spectrophotometri- 
cally with those from standard preparations 
of the vitamin. 

Good agreement was found between the 
two methods. A fortification program cannot 
be completely efficient in the absence of 
proper analytical procedures for the deter- 
mination of the added nutrient. 


Nutrititive Value of Australian Bread 


E. H. Hipsley (Med. J. Australia 1, 720 
(1950)) has presented the problem of in- 
creasing the nutritive value of Australian 
bread by raising the extraction rate of flour. 
The first argument on the positive side is 
that bread forms an important part of the 
Australian dietary, furnishing daily on an 
average of 23 per cent of the calories and 
21 per cent of the protein intake. Such an 
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average may be misleading, however; for 
example, for approximately 3 per cent of the 
population, bread and cereals composed as 
high as 45 per cent of the diet. 

The limitations of white flour over whole 
wheat were pointed out especially with re- 
gard to the two amino acids, lysine and 
methionine. In favor of 85 per cent extrac- 
tion flour is the fact that it is probably not 
inferior to that of whole wheat in regard 
to protein content. 

Discussion of iron, calcium, other min- 
erals, and vitamins was pertinent and well 
presented. It was admitted, however, that 
if the higher extraction-rate flour was used 
some of the desirable physical qualities of 
the bread would have to be sacrificed. More- 
over, the poorer keeping quality of the high 
extraction flour is a deterrent, but studies in 
England have indicated that if the 85 per 
cent extraction bread is reasonably well 
stored it has excellent keeping qualities. The 
same could be true in Australia except per- 
haps in rural districts where the problem 
might be more difficult. 

Finally, it was admitted that rather than 
use subsidy, taxation, or methods of com- 
pulsion to induce the consumption of high 
extraction flour and bread by the Australian 
people, an advertising campaign of an edu- 
cational nature might better succeed and be 
the most acceptable method for improving 
nutritional status. 


A Chemical Method for Riboflavin Determination 


Chemical determinations of riboflavin are 
currently in use in many laboratories 
throughout the world. The most generally 
used method, based on the direct measure- 
ment of the fluorescence of riboflavin, was 
found to be inaccurate when compared with 
specific microbiologic methods (E. E. Snell 
and F. M. Strong, Ind. Eng. Chem. (Anal. 
Ed.) 11, 346 (1939)). 

A. P. Jansen (Rec. d. trav. chim. de Pays- 
Bas 69, 1275 (1950)) at the Netherlands In- 
stitute of Nutrition has now perfected a 
method which appears simple and highly 


specific. It is based on the conversion of 
riboflavin by irradiation with light of a wave- 
length of 430 to 450 mu to “lumiflavin,” a 
substance soluble in chloroform which can 
be extracted with this solvent from the origi- 
nal aqueous medium and determined by a 
fluorescence method. The various unknown 
fluorescent factors that interfere with the 
proper determination of riboflavin in the 
aqueous solution are thus eliminated and the 
results obtained by Jansen’s method are in 
excellent agreement with the microbiologic 
method. 








